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ANNOUNCEMENT 

THE CHRISTIAN A HERTER MEMORIAL FUND 


Tlie Directors of the Journal of Biological Chemistry take 
this means of making known that the following fnends and asso- 
ciates of the late Chnstian A Herter have contributed to a IMcmo- 
nal Fund m recognition of his labors in promoting medical science 


Mr and Mrs George F Baker 
Mr George B Cooksey 
Dr H D Dakin 
Dr and Mrs Carroll Dunham 
Dr and Mrs Edward K Dunham 
Mr and Mrs Richard M Hoe 
Mr Alexander E Orr 


Mr Cornelius K Bliss 

Miss Bliss 

Mr David Dows 

Mr Trac> Dows 

Dr and Mrs L Emmett Holt 

Dr Graham Lusk 

Mr rrcdorick Strauss 


This fund, now amounting to forty thousand dollars, bos been 
confided to the care of the Duectors of the Journal of Biological 
Chemistry under the protisions of a Declaration of Trust exe- 
cuted by them 

The chief aim of the trust is to fiuther the mterests of the 
Journal of Biological Chemistry, an instrument for the devel- 
opment of science created by Chnstian A Herter and fostered by 
him up to the time of his death In the event that conditions 
anse removing the need for such a use of the income, provisions 
are made by which the fund shall continue as a memonal of 
Professor Herter and of service to humamty by the promotion 
of scientific research 

A journal devoted to the mterests of pure science is not likelj 
to become a remunerative enterpnse As its usefulness enlarges 
the demands which it ought to meet tend also to expand An 
appreciation of these facts has led to the formation of the memonal 
fund, which serves as a partial endomnent of the Journal, givmg 
It a financial support that insures its indefinite existence and 
assists matenally m the development of the plans for its future, 
as formulated by Professor Herter 
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Announcement 


It has been no part of these plans that the Journal should accu- 
mulate profits beyond a reasonable reserve to meet exigencies, and 
the existence of this partial endowment would m any event make 
such a course improper Should the finances in the future show a 
surplus in excess of these needs, it will be the policy of the Direc- 
tors to apply this surplus in such ways as will increase and enlarge 
the usefulness of the Journal 

The immediate purpose of this announcement is to make known 
the existence of the Christian A Herter Memorial Fund But the 
Directors realize that the strength of the Journal lies only in part 
m its financial resources The character of the Journal and its 
value depend chiefiy upon the support of its contributors and sub- 
scribers, and the Directors take this opportunity to earnestly invite 
all who are interested in the advance of Biological Chemistry to 
cooperate with them in the endeavor to make the Journal repre- 
sentative of this branch of science m America 

Simon Flexner, President 
A N Richards, Secretary 



ON THE INSTABILITY OF GLUCOSE AT THE TEMPER- 
ATURE AND ALKALINITY OF THE BODY 

(Prcliminarj Communication ) 

Bt LAWRENCE J HENDERSON 

(From the Laboratory of Biological Chemistry of the Harvard Medical School ) 
(Received for publication, JuneO, 1911 ) 

All the monosaccharides are known to be verj sensitiv e m a great 
variety of wajs to the action of aqueous solutions of alkalme 
reaction The chemical transformations — m the mam rearrange- 
ments — which thus take place m sugar solutions under the influence 
of the hydroxyl ion group themselves mto three classes 

1 The processes imderlymg the phenomenon of mutarotation, 
which occur spontaneously, but are very greatlj hastened b> the 
presence of mere traces of hydroxyl ions ^ 

2 The phenomenon of Lobry de Bnijm, gradual and nearly 
complete loss of optical activity accompamed by a partial trans- 
formation of a sugar mto two (or more) other closely related sugars, 
which takes place with considerable velocity at moderate temper- 
ature m solutions of moderate alkalmity - 

3 Complete destruction of the carbohydrate strong alkabes, 
actmg for a long time or at high temperature, produce a very m- 
tneate tangle of simultaneous reactions which have not >et been 
adequately defined* 

The oxidation of glucose is the most considerable chemical 
activity of the organism, and smee the changes mvolved are 
known to take place at nearly constant alkalme reaction (almost 
neutrahty) as well as at nearly constant temperature, it is natural 

‘See, for example, Hudson Journal of the American Chemical Society, 
■Dou, p 889, 1910 

’ See the papers of Lobry de Brujm and AJberda van Eckenstem m Recueil 
des travaux chimiques des Pays Bos, xiv-xix 

’ See among recent publications, for example, Meisenheuner Benchte, 
xb, p 1009, 1903, Net Liehig’s Annalcn, ccclvn, p 294, 1907 , ccclxxvi, p 1, 
1910 
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Instability of Glucose 


to inquire what may be the biological sigmficance of the facts 
above enumerated One further consideration, that the merest 
imtiation of a reaction by the hj'-droxyl ions of protoplasm may 
serve as a kej'' to unlock the sugar molecule so that an enzyme 
shall act upon it, lends weight to the problem 
The important studies of Sorensen,^ among others, have shoivn 
the mfluence on the action of enzymes of slight variations m the 
concentration of hydrogen and hydroxyl ions Such a possibility 
m the case of the enzymes which act on sugar has long been recog- 
mzed m this laborator}'’, and, to minimize changes m alkalinity, 
a phosphate mixture was here employed bj’^ Hall- m his studies of 
glycolysis In truth it is especially important to take into account 
changes m acidity and alkalinity m such cases, because the destruc- 
tion of sugar IS probably alwaj’^s accompanied bj’’ the production 
of acid, commonly in very large quantity 

Accordingly it seems probable that the very exact regulation of 
the alkalinity of the body has as one of its principal objects the 
preservation of a suitable medium for the destruction of glucose 
and the regulation of the process To be sure Michaehs and Rona’ 
have shown that imder physiological conditions of temperature 
and alkalinity, and m the absence of enzjunes, there is no consider- 
able destruction of glucose in dilute solution in a few days But 
such observations permit valid conclusions only for the purpose 
for which they were earned out — ^to show that investigations of 
glycolysis are not complicated by spontaneous destruction of 
sugar On the other hand it is well established, by the same inves- 
tigations of Michaehs and Rona among others, that at body tem- 
perature and ver3'' faint alkalinity solutions of glucose slowly lose 
their activity The preliminary experiments reported m this 
paper now show that the same phenomenon occurs at body alka- 
Imity and elevated temperature Finally I have also found that 
at body temperature and alkalmity a verj'- slow but quite unmis- 
takable loss of optical activity does occur in glucose solutions 
It IS therefoie necessary to suppose that the destruction of 
glucose at elevated temperature, or in solutions of more intense 
alkalinity reaction, is continuous with the process at body tem- 

* Cornptes rendvs des travaux du Labot alone de Carlsberg, viii, p 1, 1909 
^ Amcr Journ of Physiol , wm, p 283, 1907 
“ Biochem Zcilschr , win, p 364, 1910 
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perature and alkalinitj ' At all events, taking into account the 
facts of mutarotation and those established by Lobrj de Brujoi 
and Alberda i an Eckenstem, it is c\ idcnt, m accordance with the 
present theoretical explanation of these phenomena, that m pro- 
toplasm glucose spontaneouslj undergoes the following rei ersible 

changes 
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* HnleiiS mdeed the phenomena here reported should be m part due to 
union of phosphoric acid with sugar, or some other specific chemical action 
between these two substances, as m alcohobc fermentation (Harden and 
Young) In anj case these considerations suggest a possible explanation 
of the a% ailabditj of the three sugars, glucose, fructose, and mannose for 
alcoholic fermentation and for the formation of the same compound with 
phosphoric acid from everj one of them (Young Biochem Zeilschr xxxii, 
p 177, 1911) 
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Instability of Glucose 


Such changes are due to the hydroxyl ion It is clear that the 
unstable condition of the sugar, which finds its expression in these 
changes, may be the necessary preliminary to physiological oxi- 
dation In that event, production of acid, for example m the 
muscle, should check the destruction of sugar, and thus the physi- 
ological process, like the spontaneous destruction of sugar by strong 
alkali, might be in a certain degree subject to a kind of auto- 
regulation 


EXPERIMENTS 

A senes of solutions of glucose (Merck’s highest punty) was 
prepared, each contammg about 2 38 per cent of glucose, with 
a rotation, as measured in a two decimeter tube, of 2 50° Bach 
solution also contamed a mixture of phosphates, m the ratio shown 
m the table, the concentration of phosphoric acid bemg about 
one-fifth molal These solutions were boiled over free flames 


TABLE I 




(OH)XIOJ* 

100° 

nOTATIOK 

SOLUTION 

NaH5P04 

Na HPO 4 

0 

0 5 

1 S 

3 5 

24 



HOUR 

HOUR 

HOURS 

HOURS 

HOURS 

I 


120 


0 48'’ 



-0 06 ° 

II 


50 


0 76'’ 

0 02° 


-0 0S° 

III 


25 


1 10° 

0 19° 


-0 02° 

IV 


10 

^ES 

1 54° 

0 54° 


+0 01° 

V 


5 

^ES 

1 97° 

1 13° 

0 20° 

Inactn e 

VI 


2 

Hi 

2 24° 

1 71° 

1 03° 

Inactive 


' Rough approximations In a neutral solution at 100° the concentration of Ionized hy droxj 1 
Is not far from 4X10-' 


With reflux condensers, and from time to time the optical activity 
of the solutions was measured ^ The results are shown m Table 
I Other monosaccharides seem to behave similarly, according 
to experiments which I have performed with arabmose, fructose, 
and galactose Maltose, under such conditions, loses its rotatory 

^ It IS a remarkable circumstance that this process leads to an almost or 
quite complete loss of optic activity Especnlljr is this true when the 
hydroxyl ion concentration is very nearljr that at neutiality It does not 
seem clear that a process like that described b}’’ Lobry de Bru}m should lead 
to complete loss of actnity 
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power \erj slowlj I am now trjmg to discover whether the 
process which leads to complete loss of optical activity is indeed 
a reversible reaction between several optically active sugars, or a 
true racemiration It is cvndent that slight optical aclivitj at 
the end of the experiment maj be due to the formation of rehitivclj 
stable by-products, and the above experiments lend support to 
this view 

For studies of the process under pb> siological conditions three 
solutions of glucose (Merck’s highest purity) were prepared, tlie 
concentrations being about 110 per cent, 12 6 per cent, and 5 4 
per cent Each solution also contained a phosphate mixture 
(approximately 9 parts Na;IiPO< to 1 part NaHjPO^) such that 
the concentration of phosphonc acid was approximately one- 
tenth molal Each solution was divided into S fractions m small 
flasks, covered with toluol,* thoroughly shaken, stoppered, and 


TVBLE n 






nOTATIOH 







» 

Cl « 

e 1 

cs * 

e 

to « 

SOLTmO 

>. 

■ •=: e 

— >* 

C! ft ' 

1 



•• ^ i 

c \ 



T « 


A 

! 

1 

f ! 


, 

Ae 

<- i 

A» 

1 — 


t 55"^ 

I 

11 39 °i 


,11 31' 

111 23'' 

11 15' 
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Total per cent loss of 
rotation 


0 6 

|o 8 ' 

1 4 

2 0 i 

j2 3 

3 1 ^ 

1 4 0 


• Average of 2 fractions. t Average of 4 fractions 


carefully sealed with hard paraflme These solutions were placed 
in a warm room at a temperature of 38° =*=2° From tune to time 
flasks were removed and the optical activity of the contents was 
measured = There was never any mdication of growth in the solu- 
tions, but the solutions gradually became famtly yellow The 
results of the experiment are arranged m Table II 

The experiments here reported are being contmued and extended 

* The toluol used for the first senes of flasks contained 2 per cent of 
thjmol 

* It IS to be noted that the possibihtj of a reaction between sugar and 
phosphate has not been excluded in these experiments, nor is it certain that 
no formation of disaccharide takes place SeeW Lob Biochem Zeilschr , 
x-x-\ii, p 43, 1911 













A METHOD FOR THE STUDY OF PROTEOLYTIC 
FERMENTS 

(Prelunmar\ Communication ) 

Bt PHILIP ADOLPH KOBER 

{From the Research LahoraloTij, Roosciell Hospital, New Yort City ) 
(Received for publication, Maj 18, 1911 ) 

The differentiation, of the vanous ferments present m normal 
and pathological secretions is becoming a matter of considerable 
clmical importance The use of peptides contaimng the trjpto- 
phane nucleus, which yield simple color reactions on hj drolj'sis 
has already proted to be of semce m the diagnosis of gastnc 
caremoma i The followmg prehmmarj note contains the results 
of experiments upon which it is hoped to base a useful method 
for following the action of ferments upon peptones and sjmthetic 
polypeptides 

The method proposed m this paper is based on the \ erj’ char- 
acteristic behavior of the copper salts of ammo-acids and polj- 
peptides Contrary to statements m scientific hterature^ the 
copper salts of ammo-acids m alkalme solutions, particularlj on 
wamung or on boihng, precipitate copper as hjdrate quantita- 
tively Peptones and peptides on the other hand give very htile 
or no hydrate imder the same conditions Essentially the method 

‘ Neubauer and Fischer Deutsches Archiv f I lin Med , xevu. Heft 5-6, 
Lyle and Kober N Y Medical Journal, June 4, 1910 
Abegg Handbuch der anorgamschen Chemie, n, p 534 

’ These facts enable us to test the purity of our polypeptides, as ■well as 
the completion of proteolysis by chemicals and ferments Pure peptides 
that give a blue copper salt do not precipitate copper as hy drate with alkah 
Complete hy droly sis is mdicated when the copper salts of the digestive mix- 
ture precipitate all their copper with alhah 
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lo Method for the Study of Proteolysis 

consists in making copper salts of the neutral digestive mixtures, 
bringing them to boil and adding a small amount of alkali ^ If any 
amino-acids are present an immediate precipitate of copper hydrate 
occurs, •which is dnectl}'’ proportional to the amomit of aniino- 
acids present, and if no precipitate is obtained amino-acids are 
absent 

Thus far six peptides and six ammo-acids have been tried and 
found adaptable to this technic Owing to difficulty in obtaimng 
the necessary substances we have not yet been able to test the 
method more completely 

Fischer, Abderhalden and their collaborators found that most 
of their peptides and amino-acids when boiled with freshly precipi- 
tated copper hydrate or copper carbonate formed soluble copper 
salts With the exception of those giving a biuret test with strong 
alkali, no information is given by Fischer and Abderhalden on the 
precipitability of the copper from these salts by alkali 

Since most, probably all, peptides ivere tested for biuret reaction, 
it can be assumed that the precipitation of any copper hydrate 
found would have been recorded This indicates a general appli- 
cation of this copper hydrate method to all polypeptides 

Quahtahve Experiments 

For most of the polypeptides and amino-acids the qualitative 
method does not differ from the quantitative, m the case of glycyl- 
glycme the qualitative method is slightly modified to give quanti- 
tative results 

To test for digestion of polypeptides, a portion of the neutral- 
ized or slightly alkaline digestive mixture is boiled for a few min- 
utes with an excess of copper carbonate or freshly precipitated 
copper hydrate,- until copper salts have been formed of all the 
amino-acids and peptides in solution If the solution is not too 
dilute the time required for complete formation of copper salts is 
about fifteen minutes The excess of copper hydrate is then fil- 
tered off, the filtrate brought to boiling, and 5 to 10 cc of w alkali 


' Fischer states that most polypeptides are stable to an excess of alkali 
(Untcrsuchungen iiber Aminosduren, Polypeptide und Proteine, p 53, 190G) 

’ Copper oxide reacts too slowly for this purpose 



Philip Adolph Kober 1 1 

added If anj ainmo-acids arc present a precipitate of copper 
hjdrate will form m the solution or on the sides and bottom of 
the beaker If no precipitate^ can be seen, particularly on boil- 
ing a few minutes, ammo-acids are absent 
If anj reduction occurs as is show n by the red cuprous precipi- 
tate, the solution is filtered free from reduced cuprous oxide, neu- 
tralized, and again treated inth copper hjdrate Obiiouslj, all 
reducing substances present should be oxidized in this manner 
before treating finallj with copper hjdrate Small amounts of 
ammoma do not interfere, and larger amounts of ammoma can be 


COPPER BiLTS OF AinSO-AOD 

OR POLTPEPTIDC 

RESULT OS DOILISO trim DILUTE ALKALI 

Precipitate 

Filtrate 

Glj cme 

A large amount 

Colorless 

Alamne 

A large amount 

Colorless 

Leucine 

A large amount 

Colorless 

Aspartic acid 

A large amount 

Colorless 

Asparagine 

, A large amount 

Colorless 

TjTOsme 

A large amount 

Colorless 

Gbcjl-gljcme 1 

1 None 

Unchanged 

Alanjl-gljcme 

1 None 

Unchanged 

Glj cj 1-aspartic acid j 

None 

Unchanged 

Alanj 1-aspartic acid 

, None 

Unchanged 

Di-glj CJ 1-glj cme 

None 

Unchanged 

Glycj l-trj 7 )tophane 

1 None 

Unchanged 

Silk peptone 

None 

Unchanged 

Witte’s peptone 

None 

Biuret color 



reaction 


boiled off, after the copper salts of the peptides and ammo-acids 
had been formed In the presence of peptones digestion of poly- 
peptides can only be determined bj"" the quantitative method 
The table given above indicates the results obtamed bj”" the ap- 
phcation of the method to ammo-acids and pclj^ieptides 
The action of some ferments upon glycyl-glycme and alanyl- 
glycine has also been studied quahtatively The ferments were 


* A control should alwaj s be made on the medium and suitable corrections 
if any, should be made on the mam result 







12 Method for the Study of Proteolysis 

obtained from the following sources stool extract/ duodenal 
secretion, extract of intestinal mucous membrane, colon and ty- 
phoid bacilli In each case the copper salts prepared from the 
mixtures after digestion weie partly decomposed on boiling uath 
alkali, indicating the formation of ammo-acids 

Quantiiaiioe Experunenls 

Experiments were made first of all to prove that freshly precipi- 
tated copper hydrate will react quantitatively with amino-acids 
With this end in view portions of 0 0100 gm of glycine were dis- 
solved in 20 to 30 cc of water and then boiled with excess of either 
copper carbonate or copper hydrate The amount of copper 
oxide recovered from the filtrates on treatment with alkali is 
recorded m the following table 


NUMBER 

AFTER ABOUT 
TWENTT MNUTEH 
BOILING WITH 

CuCOj 

CuO RECOVEBEO 

AFTER TWENTT TO 
THIRTY MINUTES 
BOILING TMTH 

CuCO J 

CuO RECOVERED 

AFTER BOILING 
TEN MINUTES WITH 
PRECIPITATED 

Cu(OH)j 

CuO RECOVERED 



gram 

gram 

1 


0 0042 

0 0053 

2 


0 0044 

0 0053 

3 

0 0033 

0 0044 

0 0047 

4 

0 0030 

0 0045 

0 0051 

Average 

0 0030 

0 0044 

0 0051 

Glycine uncombined 

0 0040 

0 0020 

0 0004 


The last column shows results of considerable accmacy 
Glycyl-glycine when converted into its copper salt yields no cop- 
per hydrate when treated with alkali as described In the presence 
of amino-acids the amount of copper hydrate obtained is too high 
but this error may be overcome by the use of alcohol The fol- 
lowing results were obtained when five to six volumes of alcohol 
were added to the copper salts before boiling with alkali 


‘ Containing a mixture of erepsin and tr 3 psm 











Philip Adolph Kober 


13 


GLTCTW:i.TaVE 

GLYCINE 

TnnoEmcvL amoent ‘ 

CuO 1 

CuO CECOTTnED 

0 1000 

0 0100 

0 0053 

0 005S 

0 1000 

0 0100 

0 0053 

0 0051 

0 1000 

0 0100 

i 0 0053 

0 0050 

Ai enges 


0 0053 

0 OOo'j 

0 1000 

0 0050 

0 0020 

0 0027 

0 1000 

0 0050 

0 0020 

0 0025 

A\ enges 

1 

0 0020 

0 0020 


Tlie follow mg results w ere obtained watb alanj 1-gl j cine and w ith 

glj c\ l-tiw-ptophane, 

using the 

simple method described for quah- 

tatue work 




rOLTPETODE 

iiUNO-vap 

, THCOKCnCAJ. AVOCNT i 
CuO j 

CuO itEco^-xrEO 

fram ahnvl’Ulvcine 

0 10 

gran glyctne 

0 010 

0 0053 

0 0049 

0 10 

0 010 

0 0053 

0 0047 

0 10 

0010 

0 0053 'i 

0 0055 

A\erages 


1 0 0053 

0 0050 

ffTamsslffcvl-^ryp ophane 

0 0815 

gram ^l^cine' 
0 010 

! 0 0053 

0 0045 

0 0815 

0 010 

1 0 0053 

t 

0 0044 

Ai erages 


0 0053 

0 0044 


'V sea ill ataoaac of dextro^*' pre cat 


The loiv results with glj ci l-triiitophane were due to the use of 
copper carbonate m place of copper hydrate 
It IS proposed to test the method upon other poljiieptides and 
also to follow the comse of ferment action under vanous conditions 
The study of the proteoljsis of sjnthetic polypeptides is \er3’ diffi- 
cult in the presence of other peptones but experiments are being 
made to dense a suitable method 
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SUMMARY 

Most ammo-acids, if not all, form copper salts that yield their 
copper as hydrate when boiled with a slight excess of alkali 
Most of the polypeptides that form copper salts do not yield 
their copper as hydrate when boiled with a slight excess of alkali 
Peptones, which are probablj' mixtures of polypeptides, form 
copper salts that do not yield their copper as hydrate when boiled 
with a slight excess of alkali Peptones dissolve more copper 
hydrate in the presence of alkali than in its absence 

It IS possible to base a method for the study of ferment action 
upon the foregoing facts 

My thanks are due to Drs Marshall and Hager for assistance 
in the preparation of the polypeptides, to Mr Suguira for much 
routine work and to Drs Lyle and Parry for applymg the method 
to the detection of ferments 



THE ANALYSIS OF PROTEINS BY DETERMINATION OF 

THE CHEMICAL GROUPS CHARACTERISTIC OF 
THE DIFFERENT AMINO-ACIDS 

By DON.VLD D V.\N SLYIO: 

(From Ihe Loboraloncs of Ihc Rod efcllcr Institute for Medical Research, Ncic 

Yorl ) 

(Recei\ ed for publication, June 17, 1911 ) 

The methods for isolating the ammo-acids yielded by hydro- 
lyzed proteins, as introduced by Kossel and Fischer, and further 
developed by other workers, have gi\en us most of our present 
knowledge of the composition of proteins, and still constitute the 
means of attaining the most complete information concemmg 
their chemical nature These methods are still encumbered b> 
two inherent difficulties, however, which limit their apphcation 
m problems involvmg the chemical nature of proteins (1) A 
large supply of matenal is required, 20 or 30 grams of protein for 
the determination of the bases by Kossel’s method, while at least 
100 grams, and preferably 300 or 400 grams, are used for the 
esterification (2) The methods for determimng most of the 
amino-acids are not quantitative As a consequence, the most 
careful work leaves from a third to a half of the protein molecule 
still imaccounted for 

The analysis outhned below^ is designed to enable one to attain 
an insight into the composition of proteins by methods which 
reqmre but small amounts of matenal and yield approximately 
quantitative results, indicatmg the nature of all the mtrogenous 
products yielded by complete acid hydrolysis 

The analysis is based, not on the isolation of the amino-acids, 
but on determinations of their charactenstic chemical groups 

' A brief account of the method as de-v eloped a j ear ago was published 
in the Ber d d chetn Ges , 1910 p 3176 The method here published is 
different in man\ details from its pre\ lous form, which it supersedes 

15 



1 6 Analysis of Proteins 

By precipitation with phosphotungstic acid the amino-acids are 
separated into two fractions, the “bases,” which are precipitated, 
and the other acids, which are not The proportions in which the 
different types of ammo-acids are present in each fraction are then 
ascertained by determination of their cliaracteristic chemical 
groups 

Phosphotungstic acid as a precipitant for the basic amino-acids 
obtained by hydrolysis of proteins was introduced by DrechseV 
who with its aid discoA'^ered lysine Soon afterwards Hedin"' 
discovered argmme among the bases precipitated by phosphotung- 
stic acid, and then histidine ^ Kossel and Kutscher later devised 
the well known method for determimng lysine, histidine, and 
argmme ^ It was observed that the phosphotungstic precipitate 
constituting the “lysine fraction” sometimes contained a nitrog- 
enous substance other than lysine and Wmterstem identified 
this as cystine ^ The large amoimt of work done on proteoljdic 
products has discoveied no ammo-acids, other than the above four, 
which are present after complete acid hydrolysis of proteins and 
are precipitated m dilute solution bj”- phosphotungstic acid Posi- 
tive evidence that the phosphotungstates of these ammo-acids 
constitute the entiie precipitate was afforded by Osborne and his 
co-workers Osborne and Hams® ascertained the conditions neces- 
sary for determimng quantitatively the proportion of “basic 
nitrogen,” or that precipitated by phosphotungstic acid m dilute 
solutions of completely hydrolyzed protems Using the method 
of Osborne and Harris, Osborne, Leavenworth, and Brautlecht' 
found that, m a large senes of proteins analyzed, the percentage 
of mtrogen precipitated by phosphotungstic acid agreed within 
reasonably close limits with that of the histidine, argmme, and 
lysine, as determined by Kossel’s method That these authors 
overlooked the cystine could easily occur from the fact that, as 
will be shown later, a large proportion of it is altered by the pro- 

1 Arch f Anat ii Physiol , 1S96, p 254 
- Zeilschr f physiol Chem , \\, p ISC, 1S95 
^ Ibid , p 191, 1S96 
* Ibid , \v\i, p 165 
® Ibid , \x\w, p 153 

® Joiirn Avicr Chcin Soc , \x\% p 323, 1903 
’ Amcr Journ of Physiol , win, p 194, 190S 
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longed boibng with acid nccessarj- to completely hydroljzc some 
proteins Consequentlj , although cjstmc, is readily precipitated, 
the precipitate actually obtained from proteins contains half or 
less of the original cystine nitrogen 

Theworkaboa e cited indicates that argimne, histidine, and Ij sme, 
may be separated by means of phosphotimgstic acid with approxi- 
mately quantitatue completeness from the other amino-acids 
This has been confirmed by our expenence, the details of which 
appear later in this paper, and which show that the precipitation of 
the unaltered cystme is also almost complete 
The prmciple of the scheme of analj sis is bnefly outlmcd in the 
followmg paragraph 

PRINCTPLE OF THE METHOD 

After the removal of the ammoma by vacuum distillation, the 
argimne, histidme, lysme, and cjstme are precipitated with phos- 
photungstic acid The precipitate is redissolved, and these four 
“bases” are determined by utihzation of their marked chemical 
differences The determination of the ammo nitrogen of this 
fraction at once divides it mto pairs, lysme, and cystine, contain- 
mg only ammo mtrogen, and argimne and histidine, containing 
respectively three-fourths and two-thirds of their nitrogen m other 
forms ^ Of the first pair, the cystine is given by the sulfur 
content, the lysme by subtracting the cystme from the sum of the 
two Of the second pair, the argimne is determined by decom- 
posmg it with alkali, which dnves off half its mtrogen as ammoma, 
and the histidme is obtained by difference In the filtrate from the 
bases the ammo-acids are divided mto two sub-fractions (1) The 
acids contaimng only primary ammo mtrogen (leueme, alanme, 
etc), (2) Those containmg mtrogen m pyrroUidine (prohne, 
oxj'prohne) or mdol (tryptophane) rings 
In order that this method of analysis may be apphed, it is, of 
course, necessary that the protem shall be free from mtrogenous 
impurities, such as punne bases 
The scheme of analysis is represented diagrammatically by the 
table on page 19 That the sub-fraction of the filtrate, con- 


' Van Sljke, This Journal, i\, p 4S5, 1911 
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taimng 100 per cent of ammo nitrogen may contain some acids at 
present unknown is possible, because the chief losses m hydrolyses 
by the methods of isolation fall here As, however, the ester 
method, by which all of these acids except glutamimc and tyrosine 
must be deteimmed, is at present accompamed by unavoidable 
losses, the discrepancies may well be due to these losses, rather 
than to the presence of unlcnown a-amino-acids 

METHODS IN DETAIL 

Hydrolysis A successful hydrolysis has been performed, using 
only 1 gram of protein (see hemoglobin hydrolysis), but for 
most satisfactory conditions 3 grams are required, and, if material 
suffices, it IS well, as in all anal 3 '-ses, to perform duphcates, using 
6 grams The protein is dissolved in 10 or 20 parts of 20 per cent 
hydrochloric acid, and boiled in a tared flask under a reflux At 
intervals of six or eight hours the hydrolysis is stopped, the solu- 
tion cooled, and portions of 1 00 or 2 00 cc (enough to contain 
about 0 1 gram of protem) are withdrawn bj’’ a pipette These 
portions are diluted to 10 cc and used for determmation of the 
ammo mtrogen The different determinations of the series should 
all be run under the same conditions, as otherwise the ammonia 
from the amid mtrogen might cause an error m the determmation. 
Ordinarily it is most satisfactory to run all the deterimnation 
6 minutes, the solutions of amino-acids and mtrous acid being 
mixed and allowed to stand for five minutes, then shaken for one 
minute Under these conditions, room temperature being fairly 
constant, the same proportion of the ammoma (15-20 per cent 
at 20°) IS decomposed in each case After removal of each por- 
tion for ammo determination, the flask in which the hydrolysis 
is performed is weighed, and the weight is agam taken, after the 
hydrolysis has been contmued 6 to 8 hours longer, before the next 
sample is withdrawn These weights serve to detect concentra- 
tion of the solution by loss of vapoi In case such concentration 
occurs, a correction for the percentage of volume decrease of the 
solution is made The hydrolysis is contmued until the ammo 
mtrogen becomes constant This shows when the h 5 ''drolysis is 
complete, and enables one to avoid the errors, which as Osborne 
has shovm, may result from incomplete hydrolysis (For an example 
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100 per 

cent of 
N as NHj 


Precipi- 
tated bj 
phospho- 
tungstio 
acid 


Non- 

Ammo 

Nitrogen 


TABLE I 

s-CH -cn NH5-C00H 

(S) CjEtinc 1 

S -CH -CH NH.-COOH 

(NoS)L\sinc NH.— (CHj)«— cn NH — 
COOH 


(Guanidine group) 


•*• * * 
Arginine NH=C(NHj) — NH 
-(CH ),-CH- 
(NH )COOH 


(No 

guanidine Histidine 
group) 


NH^ ^N 

1 1 
CH ■ = - C-CH - 
CH(N’H ) 
-COOH 


Not preci- 
tated by 
phospho- 
tungstic 
acid 


100 per 
cent of N 
as NH; 


Glutamimc acid HOOC— CH — CH.— CH(NHi) 



-COOH 

Aspartic acid 

HOOC-CH;-CH(NH )- 


COOH 

Tyrosine 

0H-C,H4-CH;-CH(NH5)— 


COOH 

Phenyl alanme 

CsH; — CH. — CH(NH;) — 


COOH 

Serme 

OH-CH— CH(NH.)-COOH 

Leucme 

CH-CH;-CH(NH;) 
CHs _C00H 

Isoleucme 

>CH-CH(N'H )- COOH 

Vabne 

CH-CH(N-H.)COOH 

Alanme 

CH,-CH(NH )-COOH 

Glycocoll 

CH;(NH:) COOH 


Non- 

Ammo 

N 


f CH; CH; 

Proline 1 • | 

CH -NH-CH-COOH 

OH-CHj CH- 

Oyyprobne 1 * j 

CH; - NH - CH-COOH 
. Tiy-ptophane CsH;N CH(NH-)-COOH 


*N on-amlno nltrogea atoms (oot reacting 'Kith nitrons acid 
gnanidln nucleus In arglnln) 


This includes the NBi group of the 
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of this method of following the hydrolysis, see the gliadin analysis 
described in the latter portion of this paper ) 

Deteiminahon of Ammonia {Amid Nitrogen) The determina- 
tion of ammonia yielded by hydrolyzed proteins has become 
especially sigmficant since Osborne, Leavenworth, and Brautlecht 
have shown that themtrogenof the ammomais usually equal to that 
of the dicarboxyhc acids, with which it is presumably combmed 
in the protem molecule in the form of acid-amid radicles 

In order that the subsequent determinations may not be inter- 
fered with, it IS necessary that every trace of ammoma be removed 
when it IS determined, but that the treatment with alkali be so 
mild that neither the argimne nor the cystine is attacked Dems* 
has shown that boiling at 100° with even so weak an alkali as 
magnesimn oxide attacks cystine and drives off a portion of its 
mtrogen as ammoma We have noted the same behavior of cys- 
tine, although argimne is not attacked As a result of the sensi- 
tiveness of cystme one must drive off the ammoma at room tem- 
perature, using either the aeration method of Dems, or vacuum 
distillation After trying various modifications of both principles, 
the followmg techmque was adopted as the most convement 
and certain 

The solution of hydrolyzed protein is placed in a small double- 
necked distilling flask, and concentrated under dimimshed pres- 
sure until all the hydrochloric acid possible has been driven off 
The residue is taken up with warm water, and the solution is 
transferred to a measuring flask of 100 to 250 cc capacity, accord- 
ing to the amount of protein hydrolyzed Aliquot portions of 
sufficient size to contain about 0 2 gram of protein are withdrawn 
and used for Kjeldahl analyses, which give the total mtrogen, on 
the basis of which the other determinations are calculated 

For the determination of the ammoma, distillation undei dimin- 
ished pressure with lime is used No special apparatus is required, 
a one-liter, double-necked distilling flask, an ordinary one-liter 
distilling flask, and a 200 cc distilling flask being arranged as 
shown in Fig 1 As indicator in the ^ acid, alizarine sulfonate 
IS used The solution, contaimng about 3 grams of hydrolyzed 
protein, is placed in the double-necked flask, and diluted to about 


1 This Journal, viii, p 365 
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200 cc One hundred cubic centimeters of alcohol, to prc\ ent foam- 
ing during distillation, is added, then a 10 per cent suspension of 
calcium hj drate until a slight excess is present, as shown bj the tur- 
bidity and alkaline reaction of the solution The apparatus is then 
joined together as shown in the figure and evacuated to a pressure of 
30 mm or less The Claissen flask is then placed in a bath at 45°- 
50°, and the solution distilled for a half-hour In case distillation 
starts too rapidlj , a little air is let in from the stop-cock in one neck 
of the Claissen flask When the distillation is fimshed the flask 
IS lifted from the water bath, and the vacuum is released by open- 
mg this stop-cock The -nr acid from the recenang flask and the 



Fig 1 Apparatus for determining amid nitrogen by vacuum distillation 


smaller guard flask is washed into a half liter beaker or Erlen- 
meyer and titrated back with ^ NaOH The amount of ^ acid 
in the larger flask is usually 30 cc when an animal protem is bemg 
analyzed, 60 cc when the protem is of plant ongm, as some plant 
protems yield much ammoma 

Melanin Nitrogen Dunng the distillation all of the black color- 
mg matter, or melamn, which is formed dunng the hydrolysis of 
protems, is adsorbed by the undissolved hme The latter is 
filtered off on a folded filter and washed with water until the wash- 
ings come free of chlonde The precipitate and paper are then 
submitted to Kjeldahl analysis, usmg 35 cc of sulfunc acid to 
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digest the large amount of organic matter in the paper In this 
determination, as in the ammoma distillation, the lime performs 
the function of the magnesia in the mtrogen distribution method 
of Osborne and Harris^ 

Precipitation, Washing, and Redissolving of the Bases The 
filtrate from the melanm is neutralized with hydrochloric acid, 
returned to the vacuum distilling flask, and concentrated to about 
100 cc It IS then washed into a 200 cc Erlenme 3 ''er, and 18 cc 
of concentrated hydrochloric acid and a solution containing 15 
grams of phosphotungstic acid are added The entire solution is 
then diluted with water up to 200 cc and heated in a water bath 
until the piecipitate of the bases is nearly or qmte redissolved 
The bases reprecipitate on cooling as crystalline or granular phos- 
photungstates which can be readily washed and filtered The 
above conditions of precipitation are practically those of Osborne 
and Hams, with the exception that, in order to avoid precipitation 
of calcium sulfate, hydrochloric acid is used here instead of sul- 
furic The solution is allowed to stand forty-eight hours for the 
precipitate to form, for in less time the precipitation of histidme 
may be incomplete 

The washing of the phosphotungstic precipitate has been one of 
the most troublesome points of the “nitrogen distribution” method 
of Hausmann Against this method (the division of the amino- 
acids mto the fraction precipitated by phosphotungstic acid and the 
fraction not precipitated) Kossel raised the objection that the 
results varied greatly according to the manner in which the precipi- 
tate was washed Osborne and Harris, however, showed that 
when a moderate volume of a solution containing 2 5 per cent of 
phosphotungstic acid and 5 per cent of sulfuric was used to wash 
the precipitate the results were constant These authors allowed 
the precipitate to dram on the filter, then suspended it in the wash- 
ing solution and allowed it to dram again, washing it three tunes 
by this method The slight amount of nitrogen m the mother 
liquors not washed out of the precipitate was approximately 
balanced by the slight amount of the bases dissolved in the mother 
liquors and washings 

For our purpose, however, it is necessary that the precipitate 


1 Journ Amer Chcm Soc , x\v, p 323 
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shall be 'svashed cntirelj free of the mother liquors and the ammo- 
acids of the unprecipitatcd fraction It is also nccessarj that 
as small an amount of the vrashing solution as possible shall be 
used, in order that the precipitate, which is slightly soluble in the 
rvashmg solution, shall not dissol\ e to an appreciable extent during 
the uashmg These requirements arc met by the follomng teeb- 
mque, which penmts the quantitatu c washing of the precipitate 
with 100-200 cc of solution, and mthout dissolving appreciable 
amount^ A hardened filter paper is cut to the proper size to fit 
accuratelj' agamst both the bottom and side walls of a 3-mch 
Buchner funnel The part of the filter paper which lies against 
the sidewalls of the funnel is folded m about twentj plaits, so that 
it fits the wall snugly all the way around Into the pocket thus 
formed by the filter paper the precipitate is poured, and the mother 
liquors are drawn off as completely as possible by suction, the 
precipitate bemg pressed down by a flattened rod The filtrate 
is transferred from the suction flask to a beaker Onto the pre- 
cipitate in the funnel are poured 10-12 cc of a washing solution 
containmg 2 5 per cent phdsphotungstic acid and 3 5 per cent of 
hydrochloric acid, and the precipitate and solution are stirred up 
together until a smooth suspension is formed Care must be taken 
that all the lumps are broken up, and the precipitate completely 
reduced to a granular suspension It is then sucked dry, as before 
The washing in this manner is repeated until the filtrate comes 
free of calcium, from eight to fifteenwashings bemg required, accord- 
mg to the bulk of the precipitate The first three or four portions 
of washmg solution are used to dislodge the last granules of the 
precipitate from the flask m which the latter formed The suc- 
ceedmg portions are added from a wash bottle or a pipette m a fine 
stream around the edge of the filter paper, so that the latter is 
washed from the edge downwards around its entire circumfer- 
ence In case the first four washmgs leave a few granules of the 
precipitate still m the flask, they are allowed to remam there, as 
they are already sufficiently washed, and the subsequent portions 
of the washmg solution are used to wash the filter paper as well as 
the precipitate, in the manner just desenbed In case the later 
washings run through somewhat turbid, as is often the case, they 
are filtered through a small folded filter before bemg combined 
with the mam filtrate The phosphotungstic acid used in the 
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precipitation and in the washing solution is purified by shaking 
with ether and water after the method of Wiuterstem 

In testing the washings for calcium, a solution of oxalic acid m 
3 per cent sodium hydrate is used To about 1 ec of this solution 
one adds two or three drops of the filtrate and shakes slightly 
until the upper layer, where the filtrate remains, becomes alka- 
line The washings are continued until a sample of the filtrate 
gives no trace of turbidity after standing several minutes with the 
oxalate solution 

The washing being finished, the precipitate is removed as com- 
pletely as possible by means of a spatula and a wash bottle with 
distilled water, to a beaker holding moie than a liter When the 
precipitate has been removed as completely as possible by mechan- 
ical means, the filter paper is spiead out on the bottom of a dish 
and washed with water made alkaline by addition of a few drops of 
20 per cent sodium hydrate This dissolves the portions of precip- 
itate imbedded in the fibers of the filter paper The small folded 
filter paper used for filtration of the latei washings is similarly 
freed of adherent precipitate Also, m case anj’’ granules of the 
precipitate have remained in the flask in which the precipitate 
originally formed, these are either washed or dissolved out, and 
added to the other portions in the large beaker To the suspen- 
sion therein One adds a few drops of phenolphthalem solution, then 
50 per cent NaOH solution drop by drop, with stirring As soon 
as the solution becomes led, addition of the allvali is discontinued 
until the color fades again All of the precipitate is soon brought 
into solution in this manner The solution must be red at the 
end, but must not contain more than three or four drops of alkah 
m excess of the amount required to neutralize it Greater excess 
of alkah is to be avoided because of the sensitiveness to it of cys- 
tine and arginine 

The solution is diluted to about 800 cc , and a 20 per cent solu- 
tion of crystalline barium chloride is added in portions of a few 
cubic centimeters each, until a test with neutral sodium sulphate 
solution shows the presence of an excess of barium above the 
amount required to precipitate the phosphotungstic acid In case 
the solution loses its red color duiing the precipitation, two or 
three drops more of the alkah solution are added, as the precipi- 
tation IS not satisfactory unless the solution is slightly alkalme 
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The binum solution must be added until the test results in an 
imiuediate granular precipitate of barium sulfate A detcctible 
turbiditj can be obtained before enough barium chloride has been 
added to complete the precipitation of the phosphotungstate 
On the other hand, more barium chloride than a few cubic centi- 
meters excess is to be avoided, as a large excess of barium causes 
disagreeable bumping when the solution is boiled later m the 
argimne determination The dilution vhich is directed before pre- 
cipitation IS necessarj in order to avoid appreciable loss of the bases 
through adsorption bj the barium phosphotungstate 
The precipitate of banum phosphotungstate is filtered and 
washed with water, the filtration and washing being performed in 
the manner described for the phosphotungstates of the bases, 
except that such small portions of wash water do not need to be used 
The same funnel and piece of hardened filter paper can usuallj 
be used to advantage for both filtrations The washmg is con- 
tinued until the filtrate comes free of chlonde The filtrate is 
concentrated tn vacuo m the same double-necked distilling flask 
used for the determination of amid mtrogen, the concentration being 
contmued until the volume of the solution is reduced to about 50 
cc Dunng the concentration, a small amoimt of banum phos- 
photungstate which was not precipitated at first separates from the 
solution The latter is filtered into a 200 cc double-necked dis- 
tilhng flask, the filter bemg washed with water until chlonde 
free The solution is then concentrated, and transferred to a 50 
cc measuring flask 

Deierminaiion of Arginine The determmation of argmme is 
based on the fact, first noted by Osborne, Leavenworth, and Braut- 
lecht, that argimne, when boiled with dilute alkali evolves half of 
its mtrogen m the form of ammoma The explanation of the 
reaction is that, as shown by Schulze and Winterstem, argimne 
when heated with alkahne solutions decomposes mto one mole- 
cule each of urea and ormthine The urea then is decomposed 
into ammoma Under the conditions described below the reac- 
tion is quantitative Of the 50 cc of solution contaimng the 
bases, 25 cc are placed m the 200 cc Jena Kjeldahl flask of the 
apparatus shown m Pig 2 The Folm bulbs at the top of the con- 
denser of the apparatus are connected with the condensmg tube 
by a ground glass joint, as shown m the figure, or by a very heavy 
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piece of rubber tubing, which is less convenient but equally efficient 
In the Folm tubes one places 15 cc of acid, with alizarin sul- 
fonate as indicator To the solution in the flask one adds 12 5 
grams of solid KOH, and a bit of porous porcelain to prevent 
bumping The solution is then boiled gently for exactly 6 hours 
At the end of this time the Folin tube is disconnected from the 

'• 4cit£ 

I ^ 

> / 

\ 

Fig 2 Apparatus for determination of argmme 

condenser, and through the latter 100 cc of water are poured into 
the Kjeldahl flask The solution in the flask contains a slight 
amount of ammonia, although the greater part diffuses up into the 
Folm bulbs during the 6 hours boiling, and is absorbed by the 
acid In order to obtain also the small amount remaining m the 
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flask, the latter is connected with the condenser of an ordinary 
Kjeldahl still and the ammonia dm cn off in the customarj manner 
The receiier contains the acid from the Folm bulbs, so that all 
the ammoma from the argimne dctermmation is collected in one 
solution of -re acid Care must be taken that not more than 100 
cc of water is boiled off during the distillation, for if the alkaline 
solution becomes too concentrated other decompositions besides 
the desired one wiU result The excess of acid in the receiver 
IS titrated back as usual Each cubic centimeter neutralized b\ 
the ammonia indicates 0 0028 gram of argimne mtrogen in the 
solution decomposed, or 0 0056 gram in the total solution of the 
bases In case cystme is present, IS per cent of its mtrogen is 
evolved as ammoma during the argimne determination, and a 
corresponding correction to the argimne figures must be made 
The correction is, howe\ er, practically negligible with all ordmaiy 
protems except the keratms As tie behavior of the cj stme under 
the conditions of the determmation is qmte constant, the accuracj 
of the argimne determmation is not seriously affected even in 
analj sis of the keratms The cystme determmation, from whieh 
the correction can be accurately made, is desenbed below 
The 200 ce K]eldahl flasks should not be used for more than two 
or three argimne detennmations, as the glass is attacked by the 
strong alkah Unfortunatelj , copper flasks cannot be used because 
of the effect of the copper m oxidizing the cystme present 
Determinalion of the Total Nitrogen of the Bases The solution 
used for the argimne determmation is transferred from the 200 cc 
Kjeldahl flask to one of 500 cc Thirty-five cubic centimeters of 
concentrated sulfuric acid are cautiously added, with coolmg, and 
0 25 gram of copper sulfate The solution is then digested as m an 
ordmary Kjeldahl determination, and its mtrogen content deter- 
mined The cubic centimeters of -re acid neutrahzed m this deter- 
mmation are added to those neutrahzed m the argimne determma- 
tion The sum multiphed by 0 0028 gives the total mtrogen 
content of the bases The use of the same portion of solution for 
the determmations of both argimne and total mtrogen of the bases 
permits one to use half the solution for them, and obtam each more 
accurately than would be possible if separate and smaller portions 
were used for each determmation 
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Determination of Cystine The amount of c3’-stine present with 
the bases is obtained from the content of the solution in organic 
sulfur For this determination the most accurate and conven- 
ient method is that based on Benedict’s principle of oxidation by 
Ignition with copper nitrate ^ We have used the modification 
of Denis ^ The oxidation is invariably complete, not a trace of 
carbon or other insoluble matter remaining We have found, 
consequently, that one can safely proceed with the sulfur deter- 
mination without first removing the barium chloride present in the 
solution of the bases Ten cubic centimeters of the solution are placed 
in a poicelain evaporating dish of 7 to 10 cm diameter with 5 cc of 
Denis’ solution The mixtureis concentrated to drjmess on the water 
bath, then gradually heated to redness and maintained at that 
temperature for some minutes, as directed by Benedict The 
residue is dissolved in 10 cc of 10 per cent hydrochloric acid, and 
the solution diluted to about 150 cc It is heated to boiling, and, 
in order to make sure that an excess of barium chloride is present, 
10 cc of a 5 per cent solution are added The barium sulphate is 
washed and weighed as usual Each milligram of barium sul- 
fate indicates 0 06 mg of cystine mtrogen in the portion of solu- 
tion analyzed, or 0 3 mg in the total solution of the bases The 
weight of barium sulfate obtained must be corrected for the 
amount of sulfur found in the reagents by blank analyses In 
the reagents used by us the correction was 1 5 mgs of barium 
sulfate Reagents requiring a much larger correction should 
not be used, as the cystine present often yields only a few milh- 
grams of barium sulphate 

The cystine actuallj'- present m the solution of the bases can be 
very accurately determined by the above method, for an error of 
1 5 mg in the barium sulphate weighed, which is as large a margin as 
duplicates usually differ by, introduces an error of only 0 1 per cent 
in the total percentage of cystine mtrogen calculated As about 
half the cystine originally present is altered during the hydrolysis 
with acids, however, and an amount contaimng 0 5 per cent of the 
nitrogen of the protein remains in solution when the bases are 
precipitated, the amount of cystme obtained by the above method 

‘ This Journal, vi, p 3G3, 1909 

^ Ibid , viii, p 401 
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represents less than half that actuallj present in the protein The 
precipitate of the bases from proteins not unusually nch in cys- 
tine contains, therefore, but a small proportion of its nitrogen in 
the form of cjstine This explains i\h> the presence of cystine 
in the phosphotungstatc precipitate has been overlooked by most 
workers, with the exception of Winterstein ^ 

Determination of Ammo Nitrogen of the Bases Ten cubic cen- 
timeters of the solution are used for this determination, which is 
performed m the usual manner Because of relative slowness with 
which the w-ammo group of Ij^sme reacts, the determination must 
be contmued for a half-hour at 20°, or for a somewhat longer time if 
the temperature is lower A blank determmation of the reagents 
must be run for the same length of tune Cystine gi\ es off gas 
eqmvalent to 107 per cent of the amount of mtrogen which it should 
yield, and therefore a corresponding correction for the cystme is to 
be made to the amino determmation Except m protems like the 
keratms, which are unusually nch m cystme, this correction is 
negligible, however 

Calculation of Histidine The non-ammo mtrogen of the bases 
comes from the arginme, which contams three-fourths of its mtro- 
gen m a form which does not react with mtrous acid, and from 
the histidine, which contains two-thirds of its mtrogen in non- 
ammo form Therefore to calculate the histidine mtrogen, we 
subtract three-fourths of the argimne mtrogen from the total non- 
ammo mtrogen, and multiply the difference by ^ 

Or, letting D represent the total non-ammo mtrogen of the bases 
(difference between total mtrogen and ammo mtrogen), and Arg 
represent the arginme mtrogen, determined as previously de- 
senbed, we have the formula 


Histidine N = ^ (D — f Arg ) 

= 1 66723 — 1 125 Arg 

The histidine figure is more hable to error than that of any 
of the other three amno-acids of the basic fraction, because it is 
affected by error in the determination of either arginme total mtro- 
gen, or ammo mtrogen In these determinations errors of 1 
per cent would cause errors of — 1 125, -f 1 5, and — 1 5 per cents 


* Loc cit 
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respectively m the histidine nitrogen As, however, they can all 
be performed accurately, theie is no reason why fairly constant 
results for the histidine should not be obtamed As a matter of 
fact our duplicates for histidme usually agree withm a per cent 

Calculahon of Lysine The mtrogen of the other three ammo- 
acids of this fraction having been calculated, the Ij’^sme is obtained 
by difference Oi 

Lysine N = Total N — (Arginine N + Cystine N -i- Histidine N) 

At first sight it would appear that the lysine determination, 
since it involves the figures for all the other three acids of the 
fraction, should be more subject to inaccuracy than the histidine 
determination This is not the case, however The accuracy of 
the lysine calculation depends chiefly upon that of the determina- 
tions of cystme and the ammo mtrogen of the fraction, which are 
usually very accurate An error of -1- 1 per cent in any of the 
four determinations made on the bases would cause an error in the 
lysine mtrogen indicated by one of the following figures ammo 
nitrogen, -f- 1 5 per cent, cystme nitrogen, — 1 per cent, total ni- 
trogen, — I per cent, argimne nitrogen, i per cent 

Determination of the Total Nitrogen in the Filtrate from the Bases 
To the combined filtrate and washmgs from the phosphotungstate 
precipitate of the bases 50 per cent sodium hydrate solution is 
added until the solution turns slightly turbid by precipitation of 
lime It IS then cleared again by addition of a little acetic acid 
In adding the alkali, it is essential that the neutral point should 
not be passed by more than a few drops, as otherwise a precipitate 
may form which will not redissolve The solution is placed m a 
double-necked distilling flask and concentrated under dimimshed 
pressure until salt begins to crystallize The solution is then 
washed into a 150 cc measuring flask and diluted up to the mark 
Duplicate portions of 25 cc each are taken for Kjeldahl deter- 
mmations Por dach portion one uses 15 grams of potassium 
sulfate, 35 cc of concentrated sulfuric acid, and 0 25 gram of 
copper sulfate The sulfuric acid must be added carefully and 
under a hood, because of the vigorous evolution of hydrochloric 
acid gas The digestion is continued for three hours after the solu- 
tions have become clear Under these conditions the phospho- 
tungstic acid does not interfere at all with the accuracy of the 
determination 
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Ddcmnnaiion of Ammo Nxlrogcn in the Filtrate from the Bases 
Ten cubic centimeter portions of the filtrate arc used for tbe ammo 
determinations^ ivliich are run in the usual manner for si\ to ton 
minutes The volume of mtrogen gas given off by a giv en amount 
of ammo mtrogen is 2 5 times the \olume of -nr acid neutrahzcd if 
the same amount is determined bj the Kjeldahl method There- 
fore the portions (25 and 10 cc ) taken for total and ammo mtro- 
gen determinations give results of similar accuracj As 25-35 
cc of gas or acid are usually measured, with an error not, as a rule, 
exceedmg 0 2 cc , the percentage error of these determinations is 
small 

Pnnty of Reagents Smce some of the calculations are based 
on differences between detemunations, it is imperatn e that the 
latter shall be accurate Every reagent used for either Kjeldahl 
or ammo determination must be tested by blank analyses, 
and a correction apphed m case any mtrogen is detected A 
shght correction is usually necessary for both the commercial 
alkah used m distiUmg off the ammoma in the Kjeldahl determina- 
tions and for the sodium mtnte used m the ammo determi- 
nations We have also found potassium sulfate imported from one 
of the best known firms, 10 grams of which gave off ammoma by 
Kjeldahl sufficient to neutrahze 2 cc of Jicid The accuracy of 
the standard solutions and apparatus used for both Kjeldahl and 
ammo detennmation should hkewise be carefully checked by deter- 
mmations performed on pure substances It is, of course, essential 
that pipettes, measurmg flasks, and burettes should be cahbrated 

The phosphotungstic acid used is punfied with ether and water, 
by Wmterstem’s method 

Corrections for Solubilities of the Bases The solubihty correc- 
tions are made from the foUowmg table, which can be apphed 
directly when the bases are precipitated m the prescnbed manner 
from a solution of 200 cc volume It is true that the concentra- 
tion of phosphotungstic acid left m solution, when the bases are 
precipitated, vanes somewhat with the amount of the latter, so 
that the conditions of precipitation are not absolutely constant 
It does not appear, however, that the vanation is sufficient to 
cause sigmficant change m the solubilities of the bases When 
the latter are precipitated from solutions of greater or less volume 
than 200 cc , the solubility correction will, of course, varj’- m direct 
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proportion to the volume of the solution The amount of mtrogen 
dissolved from the precipitate by the washing, performed in the 
manner described previously, is not, to judge from the control 
expel iments, appreciable 

TABLE n 


Solubilities of the Bases in200cc of the Solution in which they are Precipitated 



TOTAL N 
(add to the 

INDIWDUAL bases) 

AMINO N 

KON-AinNO N 


gram 

gram 

gram 

Arginine N 

0 0032 

0 0008 

0 0024 

Histidine N 

0 0038 

0 0013 

0 0025 

Lysine N 

0 0005 

0 0005 

0 0000 

Cystine N 

0 0026 

0 0026 

0 0000 

Sum (subtract from figures 
for filtrate) 


0 0052 

0 0049 


Limits of Accuracy of the Determinations The maximum and 
average differences found between duplicates in analyses of gliadin, 
edestin, hair, gelatin, fibrin, and hemocyamn are shown in the 
following table, expressed in percentages of the total mtrogen of 
the protems 

TABLE III 



MAXIMUM DIFFERENCE j 
BETWEEN DUPLICATES 

AVEBAQE DIFFEBENCI 

Ammonia N 

0 37 

0 12 

Melanin N 

0 39 

0 20 

Cystine N 

0 11 

0 05 

Arginine N 

1 27 

0 73 

Histidine N 

2 14 (0 93) 

0 79 

Lysine N 

1 23 

0 61 

Ammo N in filtrate from bases 

1 60 (0 60) 

0 63 

Non-ammo N in filtrate 

1 20 

0 68 


The maximum difference for the histidine (from edestin analy- 
sis) and that for ammo mtrogen of the filtrate (from hair analysis) 
are more than twice as great as any other deviations found for 
these figures in the series The next largest are given in paren- 
theses, and represent as large differences between duplicates as 
are normally to be expected 
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TESTS OF THE METHODS ON FTTEE AMlNO-AClDS 

Experiments showing the manner in which all the natural ammo- 
acids react when analyzed for amino nitrogen have been reported in 
the paper on the ammo determmation method, and therefore 
require no discussion here 

The prmciple of ammonia determination by vacuum distillation 
IS so well known that it hkewise reqmres no especial discussion ' 
The apparatus shown in Fig 1 embodies no nen principles, but 
is merelj a simpler form which enables one to perform the deter- 
mination without special apparatus The 200 cc guard flask, to 
prevent escape of the ammoma which is not condensed m the 
receiving flask, is the only addition required to the vacuum dis- 
tillation apparatus used for merely concentrating water solutions. 
In control analyses with standard ammomum sulphate solutions 
the method gave absolutely accurate results, and the determina- 
tions of amid nitrogen in the protem analj ses always checked 
closely Control detennmations with 0 2 gram portions of cys- 
tine and of argmme carbonate showed that neither of these ammo- 
acids gives off any ammoma under the conditions of the determina- 
tion 

AnGiNrNE The two steps m the detemunation of argmme are 
(1) the precipitation with phosphotungstic acid, (2) the decomposi- 
tion with alkah 

Expenments were first undertaken to estabhsh the conditions 
for the quantitative decomposition with alkah Schulze and 
Wmterstein- have shown that argmme when boiled m alkaline 
solution decomposes mto ormthme and urea 

C6H14N4O2 d" H2O = 051112X202 d“ CX2HAO 
arginine ornithine urea 

It IS well known that urea, when boiled with either mmeral 
acids or alkahes, is hydrolyzed mto ammoma and carbon dioxide 
Combming this reaction with the one wntten above, we have the 
foUowmg equation, which should represent the end products of 
the action of alkahes upon argmme if no side reactions occur 

C6H14N4O2 + 2 HoO = CsHuXza. + 2NH3 + CO2 


* Of Abderhalden Biochemische Arbeilsmethoden 
- Zeilschr f physiol Chem , xxxi\ , p 153, 1910 
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That IS, one-half of the ai gimne mil ogcn is transformed into ammonia 
The possibility that this reaction might serve for determination of 
arginine is apparent from the work of Osborne, Leavenworth, and 
Brautlecht ^ These authors found that when arginine was boiled 
down twelve to twentj"- times wth ^ NaOH m a Kjeldahl flask it 
evolved ammonia at a gradually decreasing rate, the total amount 
repiesentmg the greater part of the ammoma indicated by the 
above equation Also, when proteins were similarly treated they 
evolved amounts of ammoma approximately equivalent to the 
amid mtrogen of the proteins plus one-half the arginine nitrogen 

We found that by using stionger solutions of aUcahthe reaction 
could be made sharply quantitative 0 2127 gram of the acid 
silver mtrate salt, C6HUN4O2 AgNOs HNO3, was placed in a ICjel- 
dahl flask with 50 cc of 50 per cent NaOH and 300 cc of water 
The solution was boiled down to about 100 cc , then diluted and 
boiled down again This piocess, performed five times, resulted 
in the evolution of the following amounts of ^ ammoma, 6 95, 2 00, 
0 75, 0 48, and 0 20 cc , making in all 10 38 cc , while the theo- 
retical amount is 10 45 cc Repetition of the experiment gave 
similar results 

The method was, however, prolonged and inconvenient because 
of the number of times which the distillation had to be repeated, and 
because the solutions lequired constant watching m order to pre- 
vent too great concentration of the alkaline mixture and resultant 
destruction of the ormthme The apparatus shown in Fig 2 was 
accordingly tried, with entirely satisfactory xeshlts 

Experiment 1 Of the acid silver nitrate salt of arginine 0 2145 gram 
was dissolved in 25 cc of water in the Kjeldahl flask of the apparatus 
Twenty-five cc of 50 per cent sodium hydrate solution was added, and the 
solution was kept boiling gently for five hours The ammonia n hich collected 
in the Folin bulbs during this time neutralized 10 00 cc of acid One 
hundred cc of water were added to the solution, and the remainder of 
the ammonia distilled off as described in the directions for arginine deter- 
mination 0 35 cc of acid was neutralized, making 10 35 cc m all, 
while the theoretical amount is 10 53 cc 

Experiment 2 Of the same arginine salt 0 2031 gram was treated in the 
same manner, except that the boiling was continued for six hours The 
ammonia collected in the Folin bulbs neutralized 9 75 cc of y^ncid, and the 


^ Amcr Journ oj Physiol , xxiii, p ISO 
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subsequent distillation jielded an amount neutralizing 0 25 cc more, 
making 10 00 cc m all, the theoretical amount being 9 OS cc 

Experiment 3 To a solution of 0 1T5S gram of arginine carbonate and 
30 cc of Tvatcr, 15 grams of solid potassium bj dratc vrere added, and the solu- 
tion was boiled in the usual manner for fii e hours The ammonia collected 
in the Folin bulbs neutrahzed 14 45 cc of w acid, that bj the subsequent 
distillation 0 4S cc more making in all 14 03 cc , the theoretical amount 
being 15 02 cc 

In order to determine ivhether the other ammo-acids precipi- 
tated by phosphotungstic acid were stable under the conditions of 
the arginme determination, portions of lysme, histidine, and 
cystme were treated m the same manner as the arginme The 
results m detail wiU be given m the sections devoted to the experi- 
ments with these acids The Ijsme and histidine were found 
to give off no ammoma, while the cystme gave off regularlj 17-18 
per cent of its mtrogen m this form 

GulewitscV has found that the solubihty of arginme phospho- 
tungstate, under practically the same conditions used m the pre- 
cipitation and washmg of the bases here, is such that 2 2 mg of 
arginme mtrogen are dissolved m 100 cc of the phosphotung- 
state solution In the foUowmg experiment we obtamed the 
shghtly smaller figure of 1 6 mg 

0 215 gram of the acid silver mtrate salt of arginme was dissolved m 
water and precipitated at 200 cc dilution, m the presence of 5 per cent of 
sulphuric acid, with 12 grams of phosphotungstic acid The solution was 
allowed to stand twenty-four hours at 20°, then filtered on a folded filter and 
allowed to dram 175 cc of the filtrate were submitted to Kjeldahl deter- 
mmation, and neutralized 2 00 cc of ^ acid, mdicatmg 2 8 mg of mtrogen 
m the 175 cc of filtrate, or 1 6 mg m 100 cc As a check on the determma- 
tion, the precipitate and the remamder of the filtrate were placed m a 
Kjeldahl flask with 300 cc of water and 60 cc of 50 per cent sodium hydrate 
solution The mixture was boiled down repeatedly, as described m the 
first expenment on the arginme determmation, and gave off durmg the 
successive distillations 6 86, 1 45, 0 73, and 0 30 cc of tV ammonia, making 
m all 9 44 cc This mdicates 0 0264 gram of mtrogen, while the amount 
present, as calculated by difference from the total nitrogen content of the 
arginine and the mtrogen found in the filtrate, should be 0 0268 gram 

Histidine 02gramofpurehistidmedichloridewasprecipitated at20'’ 
m the same manner as the arginme The histidme did not begm to precipi- 


^Zeitschr f -physiol Chem , xxvii, p 196 
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tate for some time after the phosphotungstic acid ^^as added, but finally 
appeared in the form of shining crystals, which grew sloi\]y on thebottomof 
the flask After standing over night, the compact precipitate vas filtered 
off 100 cc of the filtrate were fieed from phosphotungstic acid with 
barium hydrate, and the filtrate from the barium phosphotungstate was con- 
centrated and submitted to Kjcldahl determination The amount of ^ 
acid neutralized w'as 2 68 cc , indicating 3 68 mg of nitrogen m the 100 cc 
of filtrate The remaindei of the filtrate w as allow ed to stand another 
twenty-four hours, how’over, and a little more histidine phosphotungstate 
crystallized from it This was filteied, without w'ashing, and the filtrate, 
amounting to 95 cc , W'as treated in the same manner as the former portion 
The amount of acid neutralized w as 1 30 cc , indicating 1 9 mg of nitro- 
gen in 100 cc of the filtrate 

The above results show that at least forty-eight hours must be 
allowed for the complete precipitation of the histidine and that the 
solubility of the histidine imder the conditions of the precipitation 
IS about 1 9 mg of histidine nitrogen per 100 cc of solution 
The histidme precipitates were combined and boiled with alkali 
in the same manner as the argimne. but gave off no ammonia 
Negative results were also obtained when 0 1 gram of histidme 
dichloride was boiled with alkali under a reflux as in the regular 
arginine determination 

Lysine O 2 gram of lysme picrate wms precipitated at 200 cc volume in 
the same manner as the arginine and histidine The lysine phosphotung- 
state, even in so dilute a solution, forms immediately, and the solubility 
determination shows that the lysine phosphotungstate is the most insoluble 
formed by any of the bases 190 cc of the filtrate were freed from phospho- 
tungstic acid wuth barium hy^drate, and from excess of barium with an 
equivalent of sulfuric acid The solution was then concentrated to a 
volume of a few cc , and used for determination of amino nitrogen 0 9 
cc of nitrogen gas at 751 mm , 23°, wms given off This indicates the presence 
of only 0 24 mg of lysine nitrogen in 100 cc of the filtrate 

The experiment w'as repeated in the same manner, except that the pre- 
cipitation wms performed in the presence of an equivalent concentration 
(3 5 per cent) of hydrochloiic acid instead of 5 per cent sulphuric 193 ct 
of the filtrate was freed from phosphotungstic acid by extraction with 
ether, according to the method of Winterstein,r and the solution was con- 
centrated to dryness to drive off the hydrochloric acid The residue was 
redissolved in a few cc of dilute sodium hydrate solution, and made up to 
10 cc volume 9 67 cc of this solution gave, on amino determination. 


^ Zcitschr f physiol Chcm , xxxiv p 153, 1901 
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0 S4 cc of nitrogen gas at 7CS mm and20 I Ins indicates, as did the lOrmcr 
determination, 0 24 mg of h sine nitrogen dissolved in 100 cc of the filtrate 

In order to test the stabilitj of lysine under the conditions of 
the arginine determination, 0 2 gram of lysme picrate was dis- 
solved m dilute suKunc acid and freed from picnc acid by extrac- 
tion with ether The solution was brought to 20 cc v'olume, and 
placed m the flask of the apparatus for argimnc determination 
CFig 2) An equal volume of 50 per cent sodium hydrate was 
added, and the solution was boiled for S hours No ammoma 
whatever was evolved 

CtSTHTE Expcnmcntl 0 1 gram of cjstine was dissolv cd in water con- 
taining 10 cc of concentrated hjdrochlonc acid, a solution containing 5 
grams of phosphotungstic acid was added, and the entire solution was 
diluted to 100 cc In a few minutes the c>stine phosphotungstate began 
to separate in crjstals similar to those formed bj histidine After twentv- 
four hours the precipitate was filtered on a small hardened filter paper and 
washed with suction several times, exactly in the manner desenbed for 
treatmg the precipitate of the bases in the protein analj sis The precipi- 
tate was remov ed from the filter, dissolved m the requisite amount of dilute 
sodium hjdrate, as described for the protein analj sis, and the solution 
was freed from phosphotungstic acid with banum chloride It was then 
brought to 50 cc volume, and determmations of the sulfur, ammo nitro- 
gen, and total mtrogen were made upon ahquot portions 

Sulfur Ten cc dupbeate portions The weights of BaSOi were 0 0333 
and 0 0332 gram, the average of the two mdicatmg 10 0 milh grams of cjstme 
nitrogen m the entire 50 cc of solution 

Nilrogen Twentj cc of the solution were used for Kjeldahl determina- 
tion The ammoma from the latter neutralized 2 95 cc of -nr acid, mdicat- 
ing 10 3 mgs of nitrogen in the total 50 cc 

Ammo Nitrogen From 9 60 cc of the solution 3 80 cc of mtrogen gas 
at22°, 760mm wereobtamed Multipljing this bj the factor 0 92 to correct 
for the abnormalbehavior of cystme with mtrous acid,* gives 3 50 ce of mtro- 
gen from the cjstme, mdicatmg 10 1 cc of cystme mtrogen m the entire 
50 cc 

A ilrogcn m the Filtrate The filtrate and washings were digested together 
for Kjeldahl determination, air bemg drawn through the solutions, as 
suggested by Denis,' to prevent the bumpmg usually caused by the presence 
of a large amount of phosphotungstic acid during the digestion The mtro- 
gen present neutralized 0 95 cc of -p; acid, mdicatmg 1 3 mg of nitrogen in 
the filtrate and washmgs from the cjstme phosphotimgstate precipitate 
Added to the amount of cj stme nitrogen m the precipitate, as determmed 


‘ This J ournal, va, p 199, 1911 
* This Journal, V ui, p 365 
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respectively by the three above methods, this gives 11 3, 11 G, or 11 4 mgs of 
cystine nitrogen regained out of the 11 CG mgs present in the 0 1 gram of 
cystine used It also indicates that the amount of cystine nitrogen dissolved 
m 100 cc of solution under the conditions of theprecipitation is notmore than 
1 3 mgs A repetition of the solubility determination under the same condi- 
tions, except that onl}-^ the filtrate, not the washings, vas used for the Kjel- 
dahl, gave the same result, 1 3 mg , indicating that then ashing did not dis- 
solve appreciable amounts of the precipitate Determinations under the 
same conditions, except that they neie made in the presence of 5 per cent 
sulfuric instead of 3 5 per cent hydrochloric acid gav e the shghtlj higher 
solubility figure of 1 85 — 1 S8 mg per 100 cc 

Although cystine is precipitated as completely as either arginine 
or histidine the amounts obtained from h3'’drolyzed proteins fell 
far short of what would be expected from the sulfur contents 
It appeared possible that the cystine is partiallj'^ destroyed during 
the hydrolysis The results m the following table show that this 
is the case, — the cj'^stine is gradually altered during acid hj’^droly- 
sis into a substance or substances which are not precipitated by 
phosphotungstic acid ^ 


TABLE IV 


HOURS 
BOILED ■V\ITH 

HCl 

1 

N IN 100 cc 

: FILTRATE 

N IN 

; PRECIPITATE 

j 

METHOD or 
DETERMINATION 
or N IN 
PRECIPITATE 

N IN FILTRATE 
CORRECTED FOR 
BOLUDltm 1 

1 

PER CENT 
CYSTINE 
DESTROYED 


mg ' 

1 mg 


1 mg 

per cent 

0 

1 3 

\ 10 2 

S, N, NH2 

0 0 

0 

8 

4 6 

7 0 

Difference 

3 3 

29 

16 

6 0 

5 6 

Difference 

4 7 

41 



f 4 63 

N 

5 8 

50 

24 

7 1 

] 4 55 

S 



1 

1 


[ 4 65 

NHs 




Experiment S One-tenth gram portions of cj^tine were boiled under 
a reflux condenser with 20 cc portions of 20 per cent hj’^drochloric acid for 
the lengths of time indicated in the table The solutions were then trans- 
ferred to 100 cc flasks, and 5 grams of phosphotungstic acid in solution 
added to each Thesolutionsweredilutedvith water to 100 cc each, and 
the cystine allon ed to precipitate, as before, under practically the same con- 
ditions under nhich the bases precipitate in the protein analysis The 
amount of phosphotungstic acid, 5 grams per 100 cc , was less than that used 


^ Morner found that boiling cystine 100 hours with 10 per cent hydro- 
chloiic acid reduced its specific rotation from —223° to— 134°, and changed 
part of it into a form apparentlj more soluble than the natural cystine 
(Zeitschr physiol Chem , xxxn , p 207 ) 
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m the protein annljEis (7 5 grams) in order to allon for the fact that in the 
latter a portion of the phosphotungstic acid is trithdrann from solution bj 
the other bases vrhicli are precipitated 

It remains to test the bchamor of cystmc when boiled -mth alkali 
under the conditions of the argimnc determination The follow- 
mg tests were earned out under the exact conditions of the argimne 
determination, samples of cj stmc bemg boiled 6 hours with either 
25 per cent sodium hydrate or 33 per cent potassium hj^drate, the 
solutions bemg then diluted, and the residual ammoma boiled off 
on a Kjeldahl still 

Experiments (a) One-tenth gram of C 3 stme was boiled nith 50 cc 
of 25 per cent "reagent” sodium hjdrate, as described Theammonia 
evol\ ed neutralized 1 50 cc of-ri; acid, cqunalcnt to2 10 mg of nitrogen, or 
18 0 per cent of that present in the cjstine 

(b) The same experiment repeated jaelded ammoma neutralizing 1 55 
cc of OT acid, equivalent to IS G per cent of the cjstine nitrogen 

(c) The same conditions were repeated, except that 0 2 gram of c> stine 
was used The ammoma neutralized 2 75 cc of to acid, equnalent to 16 5 
per cent of the cjstine nitrogen 

(d) One-tenth of a gram of cj stine n as boiled six hours with a solution 
of 15 grams of potassium hj drate in 30 cc of w ater The ammonia evolved 
neutralized 1 SO cc of to acid, equivalent to 18 per cent of the mtrogen 
present in the cyst me 

(e) One-tenth gram portions of cjstine were boded in the same manner 
with 50 cc portions of 25 per cent sodium hj drate, but m a copper flash 
The amounts of to acid neutralized in three successii e experiments were 
5 03, 5 80, and 5 65 cc , equivalent to 60 3, 69 6, and 66 6 per cent, respec- 
tii elj , of the CJ stme mtrogen Because of the effect of the copper m catalj s- 
ing the reaction that results in the evolution of ammonia from cjstine 
copper flasks can not be used in the argimne determmation 

The cystme used m the above experiments was obtamed from a 
bladder stone and purified by repeated solution in water, to which 
a minimum amount of sodium hydrate was added, followed by 
precipitation with acetic acid The punty was controlled by 
determmations of the mtrogen, carbon, hydrogen, and sulfur 

Tryptophaot: Tryptophane is known to be precipitated par- 
tially with phosphotungstic acid, even from fairly dilute solu- 
tions When it is boiled with mineral acids, however, it is, to a 
large extent at least, destroyed, the nature and fate of the products 
being unknown In order to ascertam the behavior of tryptophane 
under the conditions of the protem hydrolysis desenbed in this 
paper, the foUowmg experiment was performed 
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Nine-tenths of a gram of tryptophane was boiled for twelve hours with 
100 ec of 20 pel cent hydrochloric acid The solution w as concentrated as 
dry as possible in vacuo, then rcdissolved in water The solution was 
clear, free from insoluble raattci, and but very slightly colored It is e\i- 
dent that the viclamn formed when proteins arc hydrolyzed is not a decom- 
position product of tryptophane 

The ammonia determination also was negative 

After the latter, the solution was brought to 100 cc and determinations 
of the total and amipo nitrogen made on portions of 10 cc each 

Ammo nitrogen 11 00 cc of nitrogen gas at 21°, 75G mm , indicating 
0 0620 giam of ammo nitrogen in the total 100 cc of solution 

Total nitrogen In the Kjeldahl determination 8 90 cc of -re acid were 
neutrali/ied, indicating 0 1246 gram of nitrogen in the total solution 

The remaining SO cc of solution were treated wuth phosphotungstic 
acid, in the regular manner for precipitating the bases, the solution being 
at200 cc volume A precipitate formed, even while the phosphotungstic 
acid was being added When it was filtered, after 48 hours, the filtrate was 
not diluted with the washings, but portions of 40 and 25 cc respectively 
were used for Kjeldahl and ammo nitrogen determinations Before with- 
drawing the portions for determination of ammo nitrogen, the solution was 
fieed from air by shaking it in an evacuated flask, as the air in 25 cc of solu- 
tion would necessitate a correction of 0 4 cc to the nitrogen gas The 
results were 

Ammo nitrogen 5 25 cc of nitrogen gas at 22 5°, 758 mm , indicating 
0 0300 gram of ammo nitrogen in the total filtrate (from 0 72 gram of trypto- 
phane) 

Total nitrogen 7 00 — 6 95, average, 6 98 cc of acid, indicating 0 OGll 
gram of nitrogen m the total filtrate 

Both filtrate and precipitate, w hen portions of them w ere freed from phos- 
photungstic acid with baiium hydrate and tested for tryptophane with 
glyo\ylic acid, gave positive tests 

The mam portion of the precipitate was boiled with 25 per cent sodium 
hydrate solution m the apparatus for arginine determination, it gave off 
no ammonia 

The above facts lead to the following conclusion 

1 The tryptophane is responsible for none of the nitrogen 
estimated as ammoma, arginine, or melanin 

2 Boiling with 20 per cent hydrochloric acid does not alter 
the ratio 2 1 of total mtrogen to ammo nitrogen in tryptophane 

3 Tryptophane, under the conditions of the protein analysis, 
can be precipitated with the “base” fraction The amount of 
tryptophane taken, however, was equivalent to 30 pei cent of the 
total amount of protein used in an analysis Even of this large 
amount, only 38 7 per cent was precipitated by the phospho- 



41 


Donald D Van Slyke 

tungstic acid, that is, an amount equal to about 20 per cent of 
a protein, as ordinarilj analj’-zcd, remained unprccipitited Of 
tryptophane which is precipitated tliree-fourths would, in the 
protein analysis, be calculated as histidine, the other fourth as 
ly sine In order to detennmc n hether tryptophane were actually 
present m the phosphotimgstic precipitated from any of the pro- 
teins analyzed (cf latter portion of this pap.r), a portion of the 
solution of the precipitated amino-acids was tested in each case 
for tryptophane with glyoxy'hc acid Although the control ex- 
penment cited above indicates that the tryptophane or products 
thereof precipitated gives the glyoxyhc test, none of the precip- 
itates yielded by the proteins ga\ e any trace of it It appears 
improbable that tryptophane affects the composition of the phos- 
photungstic precipitate under the usual condition of the analysis, 
but it IS advisable m the latter, as a precaution, to test a few 
drops of the solution of the bases for tryptophane 
Anaitsis of an Aetificial hlrcTUBE OF Amino-acids In 
order to obtam a mixture of complexity similar to that obtained 
by hydrolyzmg proteins, the following were dissolved together 
of aspartic acid, glutamimc acid, prohne, oxyprolme, phenyl- 
ahmne, tyrosme, alamne, glycocoll, vahne, leueme, cystme, his- 
tidine dichloride, and ammomum sulfate, each 0 200 gram Of 
arginine carbonate, 0 2137 gram was taken For the lysme, 0 75 
gram of lysine picrate was dissolved in dilute hydrochlonc acid 
and freed from picric acid by extractmg with ether The solution 
was then concentrated and brought to 50 cc volume For a 
Kjeldahl detenmnation 9 50 cc were used, and 6 73 cc of ^ acid 
were neutralized Forty cubic centimeters of the solution, con- 
taimng 0 0395 gram of lysine mtrogen were added to the mixture 
of ammo-acids The mtrogen contents of the substances present 
add up to 0 4266 gram of mtrogen The solution was brought to 
100 cc and abquot parts of 5 cc each were used for Kjeldahl 
determinations The amounts of ^ acid neutrahzed were 15 24 
and 15 39 cc , mdicatmg 0 4267 and 0 431 gram of mtrogen re- 
spectively in the entire solution 
The solution was analyzed in exactly the manner desenbed for 
protem analysis Ninety cubic centimeters of the ongmal 100 cc 
of solution were used, the mtrogen results bemg calculated to 
apply to the total 100 cc 
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Amvioma 27 8 cc of ^ acid were neutralized, indicating 0 0432 gram 
of ammonia nitrogen in the original total 100 cc of solution 

Cystine The BaSO< iveighed 0 0618 gram, indicating 0 0206 gram of 
cystine nitrogen in the total solution 
Arginine 8 89 cc of acid were neutralized A correction of 1 09 cc 
must be applied for the cystine, leaving 7 80 cc for the arginine, indicating 
0 0485 gram of arginine nitrogen 

Total Nitrogen of the Phosphotungstate Precipitate or “Bases ” The 
solution which had been used for the arginine determination neutralized, 
by Kjeldahl method, 35 78 cc of -A ftcid This, added to the 8 89 cc of 
the arginine determination, gives 44 67 cc , mdicating 0 1390 gram of nitro- 
gen in the amino-acids piecipitated bv phosnhotungstic 

Ammo Nitrogen of the Phosphotungstate Precipitate, or “Bases ” The 
amino determination yielded 26 3 cc of nitrogen gas at 19°, 768 mm , indi- 
cating 0 0845 gram of amino nitrogen The C3'stine introduces a correction 
of 0 0014 gram, leaving 0 0831 gram 

Ammo Nitrogen of the Filtrate from the Bases The determinations gave 

(I) 20 8 cc of nitrogen gas at 21°, 766 mm , indicating 0 1975 gram of 
amino nitrogen in the filtrate 

(II) 20 7 cc of nitrogen gas at 22°, 766 mm , indicating 0 1960 gram of 
amino nitrogen in the filtrate The aamrage is 0 1968 gram 

Total Nitrogen in the Filtrate The duplicate Kjeldahl detenninations 
neutralized 26 27 and 26 20 cc of acid, the average indicating 0 2450 gram 
of nitrogen in the filtrate 

The results are summanzed m the following table, the histidme 
and lysme being calculated as described previously 


TABLE V 



PRESENT , 

FOUND ! 

(UNCOHRECrrED) ' 

1 

FOUND (cOnBECTED 
FOR THE BOEDBILrrT 
OF THE babes) 

Total N 

! 0 4266 

0 4289 


Ammonia N 

j 

0 0424 

(Kjeldahl) 

0 0432 

0 0432 

Arginine N 

0 0511 

0 0485 

0 0517 

Cystine N 

0 0233 

0 0206 

0 0232 

Histidine N 

0 0369 

0 0294 

0 0332 

Lysine N j 

0 0396 

0 0405 

0 0410 

Amino Nitrogen of the fil- 
trate from the bases 

0 1867 

0 1968 

0 1916 

Non-ammo N of the filtrate 
(proline and o\yproline) 

0 045/ 

0 0482 

0 0433 

i 

Total N regained (sum) 

0 4266 

0 4272 

0 4272 
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The agreement between the nitrogen figures found and those 
calculated from the amounts of ammo-acids present is fairlj satis- 
factorj , especially n hen the solubility corrections for the bases are 
applied The mixture contained all of the amino-acids known to 
occur commonly in proteins except tryptophane The results 
mdicate about the same degree of accuracy as the agreement 
between the dupbeates m the protein analyses reported in the latter 
portion of this paper The test of the method would be made 
more complete by analj sis of a mixture hke the above, but con- 
tainmg tryptophane and boiled 24 hours with 20 per centhjdro- 
chlonc acid Unfortunately the completion of this experiment was 
prevented by the expiration of the period available for the work, 
which can not be taken up again for a number of months The 
consistency of the results obtamed, however, both in evpenments 
with pure amino-acids and m analyses of proteins, indicates, 
with a fair degree of conclusiveness, the rehabihty of the method 

AX^LTSES OF PROTEINS 
Gliadin 

Ten grams of ghadin from wheat were dissolved m about 60 
cc of 20 per cent hydrochlonc acid and boiled under a reflux m a 
tared flask After twenty hours a sample of 1 cc was withdrawn, 
diluted to 10 cc , and used for detenmnation of ammo mtrogen 
9 65 cc of this solution yielded 20 0 cc of mtrogen gas at 17°, 
763 mm , mdicatmg 23 81 mg of mtrogen gas from the entire 10 cc 
The weight of the hydrolyzmg solution after the sample was with- 
drawn was 81 7 grams After eight hours more boilmg the solu- 
tion had concentrated to 79 5 grams If the ammo mtrogen had 
remained constant, 1 cc should now yield 24 45 mg of mtrogen 
gas The amount obtamed was 26 45 mg , showmg that additional 
hydrolysis had occurred smee the precedmg detenmnation The 
hydroljsis was continued for ten hours more, durmg which the 
weight of the solution decreased from 78 4 to 77 6 grams The 
amount of mtrogen gas to be expected from 1 cc of this solution, 
if no further hydrolysis had occurred, was 26 72 mg The amount 
obtained was 26 92 mg , showing that the hydrolysis had been com- 
plete at the end of 28 hours 
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The solution was diluted to 250 cc and 10 cc samples taken for 
Kjeldahl determinations The amounts of -fs- acid neutralized 
were 43 00 and 43 05 cc , the average indicating a nitrogen con- 
tent of 0 452 gram in the 75 cc portions of tlie solution used for 
the subsequent analyses 

The analyses were performed on duplieate solutions, the details 
corresponding in all respects to the description of the method m 
the early part of the papei The results follow 

Amvionia The amounts of acid neutralized i\ero 82 78 and 81 9 cc , 
indicating 0 IIG and 0 1147 gram of amid nitrogen 

Melanin The amounts of acid neutralized were 2 80 and 2 80 cc, 
indicating 0 0039 gram of nitrogen 

Cystine The BaSOj weighed OOOSG ind 0 0097 gram, indicating 0 0026 
ind 0 0029 gram of cystine nitrogen The amount of cystine here, as in 
most of the proteins analyzed, is too small to affect significantlj the figures 
for the arginine or amino nitrogen 

Arginine The amounts of xy acid neutralized were 4 11 and 3 97 cc , 
indicating 0 0230 and 0 0223 gram of arginine nitrogen 

Total Nitrogen of the Bases The amounts of tt acid neutralized by the 
Kjeldahl determinations were 13 39 and 12 75 cc Added to the amounts 
neutralized by the ammonia evolved in the arginine determinations these 
give 17 50 and 16 72 cc , indicating 0 0490 and 0 0468 gram of nitrogen 

Amino Nitrogen of the Bases The amounts of nitrogen gas evolved 
were 6 50 cc at 23°, 760, and 6 00 cc at 21°, 760 mm These indicate 0 0183 
and 0 0170 gram of ammo nitrogen 

Amino Nitrogen of the Filtrate from the Bases The amounts of nitrogen 
gas were (I) 28 8 — 28 7 cc at 23°, 748 mm , indicating 0 2399 gram of 
amino nitrogen in the filtrate, (II) 29 0 — 29 1 cc of gas at 24°, 748 mm , 
indicating 0 2414 gram of nitrogen 

Total Nitrogen of the Filtrate The amounts of acid neutralized were 
(I) 33 43 — 33 63 cc , indicating 0 2820 gram of nitrogen, (II) 33 93 — 
M 13 cc , indicating 0 2860 gram of nitrogen 

The results calculated from these data are collected m the 
table on the following page 

The figures for the ammo and non-ammo mtrogen of the filtrate 
under "results by other methods” are calculated from the isolated 
amounts of the ammo-acids which are listed in Table las belonging 
to these fractions The methods of isolation are known to be 
accompanied by unavoidable losses Their extent is indicated 
by comparison with the results of the group determination method, 
which furnishes a criterion for the completeness of the isolations. 
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TABLE \T 


o/ Gli(id\n Ina/i/'fi'? in Pcrccntarjc^i of Total \ ilrogcu 


1 

I 

> 

II 

OERlOE 

1 

1 

AVERVCE 
CORRECTED 
FOR fiOLtnjU.TT 

or oases 

1 

nrsrLTs bt othxb 
UETnons 

Ammonia X 

25 66 

25 37 > 

25 52 




25 2t, 19 5U 

Melanin X 

0 SC 

0 SG 1 

0 SG 





Cj stine X 

0 72] 

0 63] 


0 68' 

1 

1 25] 

1 

i 

Arginine X 

5 101 

,llll 4 931 

> 10 3 

5 01 

> 10 7 

5 7l| 

1 12 9 

1 6 44,* 6 OOt, 5 U 

Histidine X 

4 42 

4 23 


i 4 36 

1 

; 5 201 

1 

2 7,*0 9,tl9t 

Lj sine X | 

0 82] 

! 0 43j 

1 

0 64. 

1 

0 75 J 


0 0,*0 0,f OOJ 

Amino X in 








filtrate 

52 85] 

; 53 40- 


53 13 1 


51 98 1 


2S 5,*29 9t 



i 62 1’ 

63 3 


62 7 


60 5 


Xon-amino X 


1 


j I 


! 



in filtrate 

9 29 

' 9 86, 


1 9 58. 


8 50. 


2 6,* 5 It 

Total re- 

\ 


» 

1 





gained 

1 99 72 

. 99 70 

j 99 78 






*Abderlnldeti and Samnelj Zt\lic}jr f pKt/nol Chem xllr p 2S2 
tOaboTQe and Clapp Amtr Joxim cf pA/tio! xvU p 231 
tKoa«el and Kutschcr ZeiUchr f phv*%Ql Chtn xxxt p 201 


That a part of the large deficit m the latter may be due to unknown 
a-amino-acids is, of course, not impossible 


Edeshn 

Two separate portions of edestm were hydrolyzed, the course of 
the hydrolysis bemg followed as m the case of ghadm, by ammo 
detennmations until the latter showed constant results, which 
occurred after about 15 hours The solutions used for the foUow- 
mg anah’^ses contained 0 3848 and 0 3305 gram of nitrogen respec- 
tively 

Ammoma The amounts of acid neutralized trere 26 93 and 24 03 
cc , indicating 0 0377 and 0 0336 gram of nitrogen 

Melanin 3?he amounts of acid neutralized were 4 24 and 5 23 cc 
indicating 0 0064 and 0 0073 gram of mtrogen 

Cystine The BaSOi -weighed 0 0090 gram in each case, mdicating 0 0027 
gram of cjstine nitrogen 

Arginine The amounts of ^ acid neutralized were 18 53 and 15 02 cc 
indicating 0 1033 and 0 0841 gram of arginine nitrogen 
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Total Nitrogen of the Bases The amounts of acid neutralized by the 
Kjeldahl determinations i\ere 29 22 and 27 25 cc Added to the amounts 
neutralized by the ammonia in the arginine determmation, these give 
47 75 and 42 27 cc indicating 0 1337 and 0 1184 gram of nitrogen 

Ammo NiU ogen of the Bases The amounts of nitrogen gas measured 
were (I) 16 4 cc at 19°, 762 mm , indicating 0 0470 gram of nitrogen, (II) 
15 27 cc at 22°, 758 mm , indicating 0 0429 giam of nitrogen 

Ammo Nitrogen of the Filtrate The amounts of nitrogen gas measured 
were (I) 22 0 cc at 18°, 762 mm , indicating 0 1896 gram of nitrogen, and 
22 3 cc , at 20°, 762 mm indicating 0 1909 gram, (II) 18 SO cc at 19°, 762 mm , 
indicating 0 1616 gram of nitrogen, and 18 90 cc at 22°, 758 mm , indicatmg 
0 1594 gram 

Total Nitrogen of the Filtrate The amounts of acid neutralized were 
(I) 24 22 cc , mdicatmg 0 2034 gram of nitrogen, (II) 20 1 and 20 3 cc , the 
average, 20 2, indicating 0 1698 gram of nitrogen 

TABLE VII 


Results of Edcstm Analysis in Percentages of the Total Nitrogen 



I 

II 

average OP 

CORRECTED 

RESULTS 

1 ; 

RESULTS DT 
OTHER 
METHODS 

UNCORRECTED 

CORRECTED FOR 
fiOLUBILITT 

OF BASES 

1 

O I 

« 1 

H 

a 

fi 

o 

u 

CORRECTED FOR 
SOUUDIWTT 

OF BASES 

Ammonia N 



1 




9 99 



Melanin N 




2 12 



1 98 



Cyslme N 

0 71] 


1 38 

0 82 

1 

wm 

1 49' 


16t 

Arginine N 

26 85 

. 34 8 

27 68 

25 45 

. 35 8 


27 05 

. 38 2 

24 7-25 4* 

HistidineN 

3 63 


4 63 

5 63 


6 77 

5 75 


3 5* 

Lysine N 

3 58. 


3 72 

3 93 J 


4 01 

3 86] 


1 8* 

Amino N of 










the Fil- 










trate 

49 4] 


48 1 

48 6 


47 0 

47 55 


20 7t 

Non-ammo 


52 9 



51 4 



49 2 


N in Fil- 










trate 

3 5j 


2 1 

2 8] 


1 3 

1 7 J 


0 7t 

Sum 

99 30 


99 52 


99 37 



•Kossol and Patton Zextschr f physiol Chem z-ctvlll p IS 
tAbderhalden Zeitschr f physiol Chem , xxxvil p 499 
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Hair 

Ten grams of dog’s hair -were hydrolj zed, m the same manner as 
the ghadin, and the solution brought to 250 cc Of this, 75 cc 
portions, contaimng, according to Kjeldahl determinations 0 4495 
gram of mtrogen each, (10 cc of solution neutralized 35 64r-35 72 
cc of Tir acid) -were used for the follovang duplicates 

Atntnonta The ammonia neutralized 32 07 and 32 05 cc of -nr acid, 
mdicatmg 0 0449 and 0 0449 gram of amid nitrogen 

Melanin The amounts of -jV acid neutralized n ere 23 9S and 23 53 cc , 
mdicatmg 0 0330 and 0 0330 gram of nitrogen 

Cystine The rreights of BaSOt were 0 0S9S and 0 0910 gram, mdicatmg 
0 0209 and 0 0273 gram of cjstme nitrogen 

Arginine The amounts of -re acid neutrahzed were 13 39 and 13 37 cc , 
or, subtractiifg the corrections for the amounts of ammonia evoh ed b\ the 
unusuallj large amount of cj stme, 11 76 and 11 71 cc , mdicatmg 0 0659 and 
0 0656 gram of argmme nitrogen 

Total Nitrogen of the Bases The amounts of -jV acid neutralized bj the 
Kjeldahl detennmations were 32 34 and 32 53 cc , which, added to the 
amounts previouslj neutralized by the ammonia from the argmme and cj s- 
tme, give 45 73 and 45 89 cc , mdicatmg 0 1281 and 0 1286 gram of nitrogen 
Amino Nitrogen of the Bases The amounts of nitrogen gas eiohed 
were (I) 26J20 cc at 21°, 776 mm , (II) 25 30 cc at 20°, 760 mm These 
indicate 0 0740 and 0 0718 grams of ammo nitrogen, or 0 0722 and 0 0700 
grams when corrected for the abnormal behanor of cjstme with nitrous 
acid 

Ammo Nitrogen of the Filtrate The amounts of nitrogen gas were 

(I) 25 7 — 25 4 cc at 20°, 770 mm , mdicatmg 05207 gram of nitrogen, 

(II) 25 50 cc at 19°, 760 mm , and 25 10 cc at 20°, 760 mm , mdicatmg 
05157 and 05162 gram of nitrogen 

Total Nitrogen of the Filtrate The amounts of ^ acid neutrahzed were 
28 38 — 28 31 and 2855 — 28 20 cc , mdicatmg 05382 and 05373 gram of 
nitrogen 
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TABLE vni 

Results of Dog's Hair Analysis in Percentages of the Total Nitrogen 



I 

n 

AVERAGE 

AVERAGE 
CORRECTED 
rOR 80LUBILITT 
OF BASES 

Ammonia N 

10 10 


9 99 


10 05 




Melanin N 

7 35 


7 48 


7 42 




Cystine N 

6 08] 


5 99' 


6 04 


6 GO] 


Arginine N 

14 68 

i 28 7 

14 57 

. 28 5 

14 62 

' 28 6 

15 33 

30 S 

Histidine N 

2 20 


3 13 


2 67 


3 48 


Lysine N 

5 72. 


4 80 j 


5 26] 


5 37] 


A.mino N of filtrate 

49 5 1 

1 53 1 

47 9 ^ 

1 52 7 

48 7 1 

52 9 

47 5 1 

Iso G 

Non-ammo N of filtrate 

3 6 J 

1 

4 8 J 

I 

42 J 


3 1 J 


Total regained 

99 23 

98 46 

9S 96 



Gelatin 

Ten grams of gelatin were hydrob^zed, as before described, and 
the solution brought to 250 cc Ten cubic centimeter portions 
were used for Kjeldahl determinations The amounts of to 
acid neutrahzed were 40 95 and 40 50 cc , mdicatmg 0 428 gram of 
mtrogen in each of the 75 cc portions used for the following 
duplicate determinations 

Ammonia The ammonia neutralized 7 00 and 6 85 cc , of to acid, indicat- 
ing 0 0098 and 0 0096 gram of ammonia nitrogen 
Melanin The amounts of to acid neutralized were 2 0 cc in each ca';e, 
indicating 0 0028 gram of nitrogen 

Cystine The sulfur determinations Mere negative 
Arginine The amounts of to acid neutrahzed were 11 10 and 10 30 cc , 
indicating 0 0621 and 0 0577 gram of arginine nitrogen 

Total Nitrogen of the Bases The Kjeldahl determinations neutralized 
25 55 and 25 CO cc of to acid Added to the amounts neutralized m the 
arginine determinations, these give 36 65 and 35 90 cc , indicating 0 102/ 
and 0 1006 gram of nitrogen 

Ammo Nitrogen of the Bases The amounts of nitrogen evolved vere 
16 1 cc at 17°, 758 mm , and 16 3 cc at 19°, 758 mm , indicating 0 0464 and 
0 0467 gram of ammo nitrogen 

Ammo Nitrogen of the Filtrate The amounts of nitrogen evolved were 
(I) 29 25 — 29 45 cc at 24°, 750 mm , the average indicating 0 2428 gram of 
ammo nitrogen, (II) 29 50 at 23°, 750mm and 29 40 cc at 22°, 750mm , both 
indicating 0 245 gram of amino nitrogen 
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Total Kilrogcn of the Filtrate The amounts of ^ acid neutralized were 
37 20 — 37 00 and 37 2S — 37 2S cc , indicating rcspcctivclj 0 311S and 
0 3130 gram of nitrogen 

TABLE tX 


Results of Gelatin Analysis in Percentages of the Total Ni'rogen 


ivrn lOE 

CORRECTED 
FOR SOLCRILITTi 

or BAsrj 


AmmomaN 
lilelanin N 
Cystine N 
Arginine X 
Histidine X 
L3sine X 
Ammo X of 
the filtrate 
Non-ammo 
X of filtrat^ 

Total re- 
gained 



EESEETS BT 
OTBER 
itnrnoDi 


2 2 * 


14 3-16 0* 


27t 
9 5tt 


• Ko-.el and Kutacher Xeil clr f phytiol Cfem ml p 204 
1 tevene and Beatty Ibid illi p 261 

♦ FLcher and Boeliner Ibid Ixv p 118 


The unusually high percentage of non-ammo mtrogen m the 
filtrate indicates an exceptional amount of prolme and oxyprolme, 
■which have, m fact, been isolated m pre'vious hydrol 3 ses by 
Leveue and Beatty, and by Fischer and Boehner 


Fibnn 

Ten grams of Merck’s fibnn were hydrolyzed in the usual man- 
ner, and the solution was brought to 250 cc volume Ten cubic 
centimeter portions taken for Kjeldahl determinations neutral- 
ized 42 00-42 15 cc of -it acid, mdicatmg 0 4415 gram of nitro- 
gen m each of the 75 cc samples used for the followmg deter- 
mmations 

Ammonia The amounts of acid neutrahyed ivere 26 0 and 26 4 cc 
mdicatmg 0 0364 and 0 0370 gram of ammonia nitrogen ’ 
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Melanin The imounls of ^ icid ncutralueci ^^c^e 10 S and 9 0S cc’ 
indicating 0 0151 and 0 0127 gram of nitrogen 

Cystine The amounts of BaSOi u eie 0 0059 and 0 0070 gram, indicating 
0 0018 and 0 0021 gram of C 3 'stine nitrogen 

Arginins The amounts of acid neutralized ivcre 10 72 and 9 S3 cc , 
indicating 0 OCOO and 0 0551 gram of arginine nitrogen 

Total Nitrogen of the Bases The amounts of acid neutralized neie 
34 3 and 36 0 cc When added to the amounts neutralized in the argimne 
determinations, these give 45 0 and 45 8 cc , indicating total basic nitrogen 
of 0 1261 and 0 1284 gram 

Amino Nitrogen of the Bases The amounts of nitrogen gas were 24 1 and 

25 0 cc at 21°, 772 mm , indicating 0 0693 and 0 0719 gram of ammo nitrogen 
Ammo Nitrogen of the Filtrate from the Bases The amounts of nitrogen 
were (I) 28 2 — 28 1 cc at 17°, 7C0 mm , indicating 0 244 gram of amino 
nitrogen, (II) 27 7 — 27 9 cc at 13°, 70S mm , indicating 0 2452 gram of 
amino nitiogen 

Total Nitrogen of the Filtrate The amounts of Jicid neutralized veic 
31 3 — 31 5 and 30 9 — 31 0 cc , indicating respectively 0 2638 and 0 2597 
gram of nitrogen 


TABLE X 

Results of Fibrin Analysis in Percentages of the Total Nitropcn 



I 


\.\EIlAOE 

Average 

CORRECTED 
FOR SOLUDlDlTi 
OF B \SES 

Ammonia N 

Melanin N 

Cystine N 

Arginine N 

Histidine N 

Lysine N 

Ammo N in filtrate 
Non-ammo N in filtrate 

8 24 

3 43 

0 41 

i 28 6 

3 78 

10 78 J 

^ 1 59 7 

4 4 J 

8 38 

2 87 

0 45] 

i 29 1 

4 14 

12 01 J 

55 5 Ko o 
33 )®® 

8 32 

3 17 

0 43 ] 

i 28 9 

3 96 

11 40 J 

^ 1 59 3 

3 85/ 

0 99 ' 

13 S6 1 32 2 
4 83 

11 51 

27 / 

Total N lecoveied 

99 94 

99 13 

99 67 



Hemocyamn of Liinulus 

The hemocyamn in the blood of Limulus, the horse-shoe crab, 
takes the place of hemoglobin in the blood of mammals The 
specimen analyzed was kindly furnished by Dr C L Alsbcrg, 
fiom material prepared at Woods Hole Seven grams of the pro- 
tein were hydrolyzed, and the solution made up to 250 cc For- 
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tions of 20 cc -were taken for Kjcldalil dctcmimations The 
amounts of -it acid neutralized were 64 1 and 64 0 cc , indicating 
0 449 gram of mtrogen m each of the samples of 100 cc used in the 
followmg determinations 

Ammonia The amounts of acid neutralized v%erc 19 10 and 19 03 cc , 
indicating in both dupheates 0 0267 gram of ammonia nitrogen 
Melanin The amounts of acid neutralized were 5 1 and 5 5 cc , indi- 
cating 0 0071 and 0 0077 gram of nitrogen 

Cyslinc The ireights of banum sulphate »iere 0 0032 and 0 0033 gram, 
indicating in each case 0 0010 gram of cj stine nitrogen in the precipitate of 
the bases 

Arginine The amounts of •nr acid neutraUzed were 11 SO and 12 30 cc , 
indicating 0 0661 and 0 08SS gram of arginine mtrogen 

Total Nitrogen 0 / the Bases The amounts of -ry acid neutralized in the 
Kjeldahl determinations were 45 35 and 46 0 cc These, added to the 
amounts neutralized m the arginine determinations, gi% e 37 15 and 5S 3 
cc , indicatmg 0 IGOl and 0 1632 gram of nitrogen in the precipitate of the 
bases 

Amino Nitrogen of the Bases The amounts of nitrogen gas obtained were 
25 8 and 25 4 cc at 20° and 772 mm , mdicating 0 0746 and 0 0734 gram of 
ammo mtrogen 

Ammo Nitrogen of Ike Filtrate The amounts of mtrogen gas obtamed 
vrere 27 4 — 27 6 cc at 21°, 768 mm , indicating 0 2362 gram of amino mtro- 
gen, and2S 15 — 27 99 cc at21°, 749mm indicating 0 2348 gram of nitrogen 

Total Nitrogen of the Filtrate The amounts of -nr acid neutralized n ere 
30 55 — 30 65 and 30 65 — 30 75 cc , indicatmg 0 2570 and 0.25S0 gram of 
nitrogen in the filtrate from the bases 


TABLE XI 


Results of Hemocyanin Analysis in Percentages of the Total \ itrogen 



I 

n 


Ammonia N 

5 95 

1 5 95 


Melanin N 

1 59 

1 1 71 


C\ Stine N 

0 22] 

' 0 22] 


Argimne X 

14 72 

35 7 ^ 

1 12 77 

' 36 4i 

Histidine N 

12 00 

Lysine N 

S 71j 

i S 04^ 


Ammo X m filtrate 

52 6 

1 57 2 ' 52 3^ 

f ,52, 


Non-ammo N in filtrate 

4 6 

joro 

Total N regamed 

100 39 

jlOl 52 



ATEHAGE 


r 


5 95 

1 65 
0 22 
15 03 
12 39 ’ 
S 3S 
52 4 \ 


36 0, 


57 3 


1 100 92 


AVEPAGE 
COPEECTEO 
OB 80CUBILITT 
or BASES 


0 so 


15 73 
13 23 ' 
S 49 
51 3 1 
3 8/ 


38 3 


55 1 
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Ox Hemoglobin 

The specimen of pure, crystallized hemoglobin for this analysis 
was kindly furmshed me b}"- Dr Butterfield of this Institute 

Because of the relatively small amount of the material the details 
of the analysis had to be somewhat modified, in that the bases 
were precipitated from a solution of 100 cc instead of 200 cc 
volmne, and the filtrate from the bases was brought to 100 cc 
instead of 150 befoie the aliquot poitions for mtrogen determina- 
tions were taken Also, the total nitrogen, 0 1740 gram, on the 
basis of which the percentages are calculated, was obtained by 
addition of the ammonia, melamn, basic mtrogen, and mtrogen 
of the filtrate, instead of takmg a separate portion of the solution 
for a Kjeldahl determination at the beginmng of the analysis In 
other respects the details did not differ from those of the preceding 
analyses 

The hemoglobin, which weighed a little more than a gram an- 
dried, was hydrolyzed for 28 hours 

Ammoma The ammonia neutralized 6 50 cc ofw acid, indicating 0 0091 
gram of ammonia nitrogen 

Melamn The amount of acid neutralized was 4 53 cc , indicating 
0 0063 gram of nitrogen 

Cystine The weight of barium sulphate was less than 1 mg , which is 
considered a negative result 

Arginine The amount of ^ acid neutralized w^as 2 12 cc , indicating 
0 0118 gram of arginine nitrogen 

Total Nitrogen of the Bases The amount of xl- acid neutralized m the 
Kjeldahl determination was 15 87 cc Added to the amount neutralized 
in the arginine determination, this gives 17 99 cc , indicating 0 0504 grain 
of nitrogen in the precipitate of the bases 

Ammo Nitrogen of the Bases The amount of nitrogen gas obtained w is 
10 05 cc at 21°, 752 mm , indicating 0 028 gram of nitrogen 

Ammo Nitrogen of the Filtrate The amounts of nitrogen gas obtained 
were 18 23 cc at 21°, 749 mm , and 18 09 cc at 21°, 749 mm These indicate 
0 1017 and 0 0995 gram of ammo nitrogen, or an a\ erage of 0 1006 

Total Nitrogen of the Filtrate The duplicates each neutralized 19 35 
cc of acid, indicating 0 1083 gram of nitrogen 
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TABLE XII 


Results of Ox Hemoglobin Analysis tn Percentage 

5 of the Total A itrogcn 

I 

1 

i 

ipTonnircrED ! 

i 

cornccTED 
ron BOLunaiTT 
or BASES 

Ammonia N 

Melanin K 

Arginine N 

C3stine N 

Histidine N 

Lj’sine N 

Amino N in filtrate 

Non-ammo N m filtrate 

I 5 24 

1 3 C 

6 S ■ 
0 00 
11 G 1 
10 C , 
57 8 1 
43 J 

I 29 0 
^62 1 

1/7!=“^ 
10 9 . 

Total N* 

(99 9) 



•The total nltrocen la thla ca^e neccssarilr adds up to 100 =t 0 1 per cent becau*e the total 
nltrosen obtained by addition la UMd as the basis for calcolatlngtheother percentaEes It does 
not therefore serve as a control for the accuracy of the hemoglobin analj-sL 


From hydrolysis of horse hemoglobm Abderhalden obtained 9 8 
per cent of arguune mtrogen, 16 7 per cent of histidme nitrogen, 
4 6 per cent of lysine nitrogen, 27 4 per cent of pnmaiy- mono- 
amino-acid mtrogen, and 2 2 per cent of probne and oxyprobne 
mtrogen ^ The high bistidme content is a stnkmg charactenstic 
of both ox and horse hemoglobm, as well as of Limulus hemo- 
cyamn 

In the followmg table the average results of the protein analyses, 
corrected for the solubihties of the bases, are collected 


* / physiol Chem , xxxm, p 492, 1903 
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TABLE xin 


Summary oj Corrected Result', in Percentages of the Total Nitrogen of the 

Proteins 



QUADiJ 

1 

EDE8- 

TIN 

HAin 

(doq) 

j GELA- 1 
! TIV 

1 

riBniN 

HEMO- 

CTANIN 

OX 

HEMOGLOBIN 

Ammonia X 

25 52 

0 99 

10 05 

2 25 

8 32 

5 95 

5 24 

Melanine X’ 

0 Sh 

1 9S 

7 42 

0 07 

3 17 

1 65 

3 0 

Cystine N' 

1 25 

1 49 

C 00 

0 ? 

0 99 

0 SO 

0 ? 

Arginine N 

5 71 

27 05 

15 33 

14 70 

13 86 

15 73 

i 77 

Histidine N' 

5 20 

5 75 

3 4S 

4 48 

4 S3, 

13 23 

12 7 

Lysine N 

0 75 

3 86 

5 37 

6 32 

11 51 

8 49 

10 0 

Amino N' of the filtrite 

51 9S 

47 55 ! 

47 5 

56 3 

54 3 

51 3 

57 0 

X'on-amino hf of the 
filtrate (proline, o\j- 
proline, i trj’'pto- 
phane) 

1 

1 

I ' 

' S 50 

i 

1 7 

3 1 

i 

14 9 

i 

2 7 

3 8 

2 9 

Sum 

90 77| 

j 99 37 

98 85 

90 02 

1 

99 5S' 

1 1 

^100 95j 

(100 0)* 


*Cf note to preceding table 


The question maiks m the decimal places for the figuies on the 
cystine of gelatin and hemoglobin indicate that no cystine was 
found m the precipitate of the bases, but that a fraction of a per 
cent may have been piesent m the filtrate The small amount of 
lysine obtained in the analysis of gliadin practically falls within 
the limit of expel iiuental eiioi, and is not to be regarded as 
contiadictory to the negative results of previous authors * The 
marked individual peculiaiities of the different proteins, such as 
the high ammoma and low Ij'-sme of ghadin, the low ammoma and 
high non-ammo uitiogen of the filtiate of gelatin, the high histi- 
dine of hemoglobin and hemocyanm, are apparent on inspection 
of the above table 

SUMMAKT 

Methods aie developed for following the course of piotem hydrol- 
ysis and detecting the time at w^hich it is complete, and for deter- 
mining the ammoma (amid nitrogen), argimne, Imtidtne, lysine, 
cyshne, ammo nitrogen not precipitated by phosphotungstic acid 


' Loc cii 
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(the group of ordmarj’’ pnmary ammo-acids, leucine, alanine, 
etc ), and the non-ammo nitrogen not precipitated hy phospliotung- 
siic acid (proline, oxjTJrolme, one-half the tryptophane mtrogen) 
The scheme of analysis is outimed on pages 17-18 
The analysis require but 2 5 to 3 grams of protem, and indi- 
cates the nature of 98 to 100 per cent of the mtrogenous products 
of hydrolj sis The results of hydrolyses of wheat gliadin, edestin 
from hemp seed, dog’s hair, gelatm, fibnn, hemocyamn (the pro- 
tem from the blood of the king-crab corresponding to the hemo- 
globm of higher animals), and of ox hemoglobin are summanzed 
m the last table The limits of accuracy of the determinations 
are indicated by the figures m Table III (page 32) 

Companson of the amounts of ammo-acids of the different 
groups present m protems, found by the quantitative group deter- 
mmation method, with the amounts isolated in previous hydroly- 
ses, mdicates that the losses of isolation have fallen chiefly on the 
pnmary mono-a-ammo-acids, contammg all their mtrogen m 
the — CH(NH 2 ) — COOH group So far as can be judged from the 
analyses available for companson, the presence of unknown amino- 
acids outside of this group seems improbable Whether the losses 
of isolating those of this group anse from the presence of new, as 
yet unrecognized mono-amino-acids, or from the unavoidable losses 
connected with the methods of isolation, can not at present be 
stated 




THE PARTIAL HYDROLYSIS OF PROTEINS 

m ON FIBRIN PROTOALBUMOSE 


By P A LE\’RNE, D D VAN SLYKE and F J BIRCHARD 
{From Ihe Roc} cfcUer Insiilutc for Medical Research, New YorJ ) 

(Received for publication, June 17, 1911 ) 

The differences in solubility and in general properties bettveen 
proto- and hetero-albumose are \erj- striking The existence of 
the ttvo bodies as distinct substances has been recognized by most 
mvestigators The statements regardmg the differences m the 
chemical composition of the two albumoses were at times 
contradictory Pick was the first to record very definite distmc- 
tions m the number and m the proportion of different ammo-acids 
present m the molecule of the two substances Later, Levene 
found that by emplojing larger quantities of material for the 
experunents, the same ammo-acids could be obtamed from the 
hetero- and the proto-albumose Still later Birchard, workmg m 
Siegfned’s laboratory, recorded the absence of glutamimc acid 
m the molecule of proto-albumose The results published by 
Levene referred only to the character of the ammo-acids present 
m the molecule and not to their relative proportion The methods 
of analysis have improved considerably smee the time of that 
pubhcation and it was decided to repeat the hydrol3’^sis 
Attempts were made to obtam the albumose m as high a degree 
of purity as present methods of preparation permit It was pos- 
sible at this time also to isolate the same ammo-acids on hj’-drolj^sis 
of proto- as on the hydrolj’^sis of the hetero-albumose However, 
there were very stnkmg distmctions m the proportions of some of 
them 

The most stnkmg difference was found m the proportion of 
glutamimc acid While the hetero-albumose contamed 9 51 per 
cent of this acid, onlj' 0 63 per cent were separated out from the 
products of hydroli-sis of the proto-albumose The possibihty 
IS not excluded that the small quantity of the acid belonged to 
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some impurity However, the result of the present hydrolysis 
confirms the view of Birchard, that the principal distinction of the 
albumoses lies in their content of glutamimc acid 
The differences m the leucine group (leucine, isoleucme, and 
valine) are also marked The low content of the proto- in valine 
IS striking compared with the valine content of hetero-albumose 
The fact that more glycocoll was found m the proto-albumose, 
cannot be taken into consideration in comparing the two, because 
the methods used in order to isolate the glycocoll were not the same 
in each case By the ordmary esterification practically none would 
have been obtained from the proto-albumose 

The pioportion of amid mtrogen was found lugher m the heteio- 
albumose This finding is not unexpected on the ground of the 
high glutamimc acid content of this substance 

The generally accepted view, that the hetero-albumose is 
characterized by a higher content of hexone bases could not be 
corroborated by the present investigation The difference of the 
content in the total hexone bases of the two albumoses was found 
very insigmficant Only in regard to the proportion of histidine 
the difference was marked, showing 3 90 per cent in the hetero- 
and 2 77 per cent m the proto-albumose 

EXPERIMENTAL PART 

Prepai ahon 

The proto-albumose was prepared by a modification of Pick’s 
method and was essentially the same as desciibed by one of us in 
a former paper ^ It was there shown that from any preparation 
of proto-albumose prepaied according to Pick, a fraction could 
be separated which m itsph^'^sical propeities corresponded to hetero- 
albumose The method consists in a suitable application of Sieg- 
fried’s carbammo reaction which has also been applied to the 
separation of peptones and amino acids - The details are as fol- 
lows 

’ F J Birchard Em Bcilrag zur Kenn*ms dcr Proloalburnose des Fibrins, 
Dissertation, Leipzig, 1909 

-M Siegfried Zcitschr f physiol chcm , xliv, p S5, 1910, Bcr d d 
chcm Ges , ■?\'a\, p 397, 1910 See also Ergcb d Physiol , ix, pp 334- 
350, 1910 
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The primnrj albumoses v.ero precipitated from a ten per cent solution of 
Witte’s peptone in the manner described in our second communication * 
The sulphate in the alcoholic solution of the proto-albumoso vras rcmoa ed 
bj barium hvdrate, and the slight e\ccss of barium b> ammonium carbon- 
ate Thefiltrateavas concentrated in a vacuum to a small volume, alcohol 
being added from time to time to prevent foaming The thick sj-rup re- 
maining was precipitated bj alcohol and dried in a desiccator o\ er sulphuric 
acid 

One hundred and eigbti grams of the dried, finely pondered albumose 
nere dissolved in S liters of a cold saturated solution of barium hjdrate 
The vessel containing the mLvturc was kept surrounded by ice and care was 
taken that the temperature never rose above 4° C Carbon dioxide was then 
passed through until the solution was almost neutral, the mixture being 
stirred continuoush during the whole process 2S00 cc of a cold saturated 
solution of banum hvdrate were further added and the whole allowed to 
stand until the precipitate had complctelj settled It was found conveni- 
ent to place the vessel m the refrigerator over night, when the greatest 
part of the clear solution could be easilv filtered off The precipitate was 
washed on a Buchner funnel with 600 cc of a half-saturated solution of 
barium hj drate cooled to 0’ Great cate was taken to keep the tempera- 
ture of the precipitate as low as possible dunng the filtering and wasbmg 
The filtrate and wash-water were united, ammonium carbonate added to 
remov e the barium, and the whole heated for a short time on the water-bath 
The filtrate was then concentrated in a vacuum to a thick svrup, taken up 
in dilute alcohol, and finalh precipitated in a large excess of alcohol and 
dried over sulphunc acid The albumose was obtained finallj as a white 
powder, easilj soluble in water and in 66 per cent alcohol 

4.^ALTSIS The preparation contained 1 5 per cent of ash The analyti- 
cal figures are reckoned on ash-free substance 

0 2200 gm substance 26 10 cc ^ acid 16 46 per cent N 

0 2S03 gm substance 33 20 cc acid 16 53 per cent N 

0 1324 gm substance 0 2399 gm COj 0 0S59 gm H 2 O 

C = 53 60 per cent H =7 20 percent 

0 1322 gm substance 0 259S gm COj 0 0313 gm H 0 

C = 53 59 per cent H = 6 S3 per cent 
AiirNo Nitrogen The ammo nitrogen was determined according to the 
method of Van Slj ke 

2 gm albumose were dissolv ed in 50 cc water 

10 cc solution 40 2 -nr acid = 0 5628 gm N 

10 cc solution 3 25 cc ammo N, at 19°, 757 mm = 0 0037 gm ammo N 

Ammo N = 6 53 per cent of total N 

* P A Lev ene, D D Van Sh ke, and P J Birchard This Journal, viii 
p 269,1910 

*D D Van Slyke Ptoc Soc Exp Bxol and JJed , Dec 15, 1909, Ber 
d d chem Ges , xhii p 3170 1010 
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Ammonia Nitrogen The albumose contained practically no free 
ammonia 5 gms of substance, according to Folin’s method, neutralized 
1 20 cc acid 

Hydrolysis 


One hundred and thirty-two grains of proto-albumose were 
hydrolyzed with 20 per cent hydrochloric acid for sixteen hours. 
The solution was concentrated to a small volume m vacuum until 
it was of a thick syrupy consistence, then saturated with hydro- 
chloric acid gas, a small crystal of glutaminic hydrochloride added, 
and allowed to stand in the refrigerator for ten days The crystals 
were filtered off over asbestos, washed with cold concentrated 
hydrochloric acid, dissolved in water and a small amount of 
barium present quantitatively removed with sulphuric acid The 
solution (30 cc ) was then saturated with hydrocblonc acid and 
allowed to stand a week m the refrigerator The crystals which 
separated were not, however, pure glutamimc hydrochloride, the 
analysis mdicating the possible presence of leucme It was again 
recrystallized (volume 90 cc ) when 1 0 gram of pure glutamimc 
hydrochloride was obtamed 


Analysis 0 15S3 gm substance 0 1233 gm silver chloride 
0 1063 gm substance 14 2 cc N at 16°, 762 mm 


Cl 

N 


Calculated for 
C5H0NO1 HCl 
19 31 per cent 
7 63 per cent 


Found 

19 24 per cent 
7 76 per cent 


Esterification 


The amino-acids in the mother liquors were esterified by Fischer’s 
method Two crops of esters were freed by the barium hydrate 
method ^ The foUowmg fractions were obtamed on distillation 


FRACTION 

TEUPERATU’BB 

1 

PRESSURE 

riELD OP ESTERS 



mm 

gramt 

I 


12 

40 7 

II 

to 70° 

0 06 

28 6 

III 

to 95° 

0 16 

15 2 

IV 

Residue 


38 8 


‘ Levene and Van Slyke This Journal, vi, p 391, 1909 
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The last fraction, usuallj containing the aspartic acid, gluta- 
mmic acid, and phenylalanine, "was not distilled, but worked up 
in the way suggested by Osborne ‘ 

Fraction I This consisted chiefly of alcohol It yielded only 
2 4 grains of amino-acids, from which 0 9 gram of alanme was 
obtained by recrjstalhzation 

Ai,altsis 0 079S gm substance 21 95 cc N at 20°, 7C2 mm (Nitrous 
acid method ) 

0 1432 gm substance 0 2165 gm COi 0 1036 gm H 0 



Calculated for 

Fornd 


CjH-OiN 

N 

15 73 

15 69 

C 

40 42 

4120 

H 

793 

804 


The mother hquors yielded 0 4 gram of a nuxture of alanme and 
glycocoU (17 10 per cent of mtrogen) The mother hquors from 
this crop were added to the most soluble ammo-acids of fraction 
n and worked up for prolme 

Fraction II As the albumose contamed very httle valme, this 
fraction yielded all of its leueme m pure form by direct cry^staUiza- 
tion, the amount bemg 4 76 grams 

Akaltsis 0 1050 gm substance 204 cc N at 20°, 762 mm (Nitrous 
acid method ) 

0 0316 gm substance 0 3660 gm COi 0 1535 gm HjO 


C 

H 

N 

Rotation in 20 pee cent HCl 


rotation in 1 dm tube, -f 1 16° 


Csdc^ilated for 
CcHuNOi 

54 92 
999 
10 69 


Found 

54 96 
9 76 
10 87 


0 2259 gm substance 4 272 gm solution 


Wn =4-19 93° 


From the rotation, the leueme consisted of 80 35 Z-leucme and 
19 7 per cent d-isoleucme - 

The mother hquors yielded a mixture of valme and alanme 
(mtrogen content, 13 17 per cent) weighmg 2 33 grams One 


’ Avxer Jour of Physiol , xxrt, p 212, 1910 
' Levene and Van Slyke This Journal, vi, p 400, 1909 
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gram was used for separation of the two by precipitation of the 
alanine with concentrated phosphotungstic acid ' It yielded 0 20 
gram of alanine and 0 71 gram of valine 


Analysis or Alanine 
(Nitrous acid method ) 

N 

Analysis or Valine 
(Nitrous acid method ) 


0 0647 gm substance 17 4 cc N at 18 5°, 768 mm 


Cnlculatod for 
CjHrO N 

15 73 


Found 

15 58 


0 0922 gm substance 19 6 cc N at 21°, 768 mm 


N 11 96 12 18 

Rotation or Valine in 20 per cent HCl 0 1840 gm substance 4 453 
gm solution concentration, 4 13 per cent rotation in 1 dm tube, +114° 

Wh‘’ = +25 1° 


The mother liquors from the above fraction were added to those 
from the most soluble portions of I and III to be extracted for 
prolme 

Fraction III This fraction juelded only leucme, isoleucme, 
and prolme The prolme was extracted with absolute alcohol 
and combmed with the extracts of I and II 
The alcohol-insoluble ammo-acids yielded by recrystallization 
0 41 gram of Weucme nearly free from isoleucme 


Analysis 0 0989 gm substance, 18 9 cc N at 18 5°, 756 mm 

Calculated for „ . 

CoHiiO N Found 

N 10 69 10 77 

Rotation 0 2143 gm substance, 4 300 gm solution m 20 per cent HCl 
Rotation in 1 dm tube, + 0 91° 

= + 16 6° 

By further crystallization two other crops were obtamed con- 
taming mcreasmg amounts of isoleucme The first weighed 3 96 
giams of the following composition and rotation 


Analysis 


N 

C 

H 


0 1321 gm substance, 25 00 cc N at 21°, 762 mm 
0 1533 gm substance, 0 3076 gm CO 2 , 0 1340 gm H 2 O 


Calculated for 

Found 

CcHiaO N 

10 69 

10 75 

54 92 

54 73 

9 99 

9 78 


‘ Levene and Van Slyke Not yet published 
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Rotation in 20 per cent HC 0 23S4 gm substmcc, 4 399 gm eolution, 
concentration, G 56 per cent, rotation in 1 dm tube, + 1 40, 

M D° = + 20 23° 

From the rotation, the substance contamed 78 7 per cent Wcu- 
cme and 21 3 per cent d-isoleucme 
A third crop of leucine tveighmg 1 73 grams was obtained, still 
ncher in isoleucme 

Analysis 0 11S6 gm substance, 21 85 cc N at 20°, 762 mm , (Nitrous 
acid method) 

Calculotf'd for 

CflllnOtN Pound 

N 10 69 10 52 

Rotatiomn20pehcen'tHC1 0 1531 gm substance, 4 266 gm solution, 
concentration 3 59 per cent, rotation in 1 dm tube, + 1 10° 

(oro = +27 85° 

From the rotation, this crop contained 43 8 per cent Heueme 
and 56 2 per cent d-isoleucine 

Phenylalanine The phenj lalanme ester was removed from the 
other esters of Fraction IV m the usual manner bj extracting 
with ether Nearly all of the black coloring matter of the mixture 
went with the phenj lalanme ester into the ether The phenyl- 
alanme ester was not treated with hydrochlonc acid, but was 
saponified by boihng with water The black impunties proved 
insoluble m the water and stuck to the sides of the flask when the 
solution was poured out The first crop of phenylalanine, crys- 
talhzmg as the result of concentration and addition of alcohol, 
contamed 8 87 per cent of nitrogen instead of 8 49 After one 
recry stalbzation it shoiied the followmg composition 

Analysis 0 0951 gm substance, 13 9 cc N at 20°, 770 mm 

Calculated for 

CgHiiOiN Found 

N 8 49 8 93 

The mother liquors yielded 2 14 grams of crude phenj lalamne 
contammg 7 8 per cent of mtrogen bj the mtrous acid method 
After one recrj^stalhzation the substance ga\e the followmg 
analj^sis 

0 0903 gm substance, 13 3 cc N at 15°, 750 ttitti 

Calculated for 

C^ijOiN Fcrund 

N S 49 8 47 
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From an esterification, described below, of the residues left 
after extraction of the esters jneldmg the above ammo-acids, 0 40 
giam more of phenylalanine was obtained, making the total 
yield 5 74 grams 

Asparhc Acid The esters of Fraction IV left m water solution 
after extractmg the phenylalanine ester were sapomfied with 
barium hydrate m the usual manner, and the solution of the ammo- 
acids was concentrated and saturated with h^'^drochlonc acid m 
an attempt to obtam glutamimc acid No glutamimc hydrochlo- 
ride crystalhzed even after several days standmg m the refrigerator 
The solution was therefore freed from hydrochloric acid by evap- 
oration, followed by treatment wath silver sulphate and barium 
hydrate, and was then concentrated and an attempt made to 
crystallize aspartic acid after addition of alcohol to the solution 
A crop of ammo-acids weighmg 6 75 grams crystalhzed out, but 
it contamed 9 61 per cent of nitrogen mstead of 10 54 per cent, 
and also gave an appreciable Millon reaction In order to ascer- 
tam the amount of aspartic acid present m the crude substance, 
0 1996 gram was dissolved m water and titrated with rosolic acid 
as mdicator 8 70 cc of ^ sodium hydrate were neutralized, 
indicatmg that the crude substance contamed 58 2 per cent or 
3 92 grams of aspartic acid For purification it was converted into 
the copper salt This crystalhzed after some time m pure con- 
dition It was dried at 110° 

Analysis 0 2456gni substance, 0 0998 gm CuO 

Calculated for „ , 

CuCtBiOiN Pound 

Cu 32 67 32 49 

Prohne The alcoholic extracts of the ammo-acids from frac- 
tions I, II, and III were united, concentrated, and taken up as 
usual m cold absolute alcohol The alcohol was removed from the 
solution by concentration, and the residue dissolved m water 
The solution was brought to 250 cc volume and 10 cc portions 
taken for determination of ammo and total nitrogen The amino 
determinations gave 17 65 and 17 85 cc of nitrogen gas at 18 o 
and 765 mm , the average being equivalent to 0 256 gram of 
ammo mtrogen m the entire solution The portions forKjeldahl 
determmations neutralized 28 48 and 28 58 cc of acid, equiva- 
lent to 1 000 gram of mtrogen The difference between the two 
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nitrogen determinations giies 0 744 gram of prolmo mtrogcn, 
equi\ alent to 6 grams of prolme, or 4 64 per cent of the albumose 
The esterification of the residues, described belovr, yielded 0 44 
gram more of prolme, brmgmg the total up to 6 55 grams or 4 96 
per cent 

The prolme m 200 cc of the solution used for the abo\ c mtrogcn 
determmations was racenucized and converted into the copper 
salt, of which 3 31 grams of the following composition was obtained 
after recrystallization 

01926gm mibstance.lScc Natl9° 752min bj thenitrouaacid method 

0 4572 gm subatance, 0 0479 gm loss at llO® 

0 4572 gm substance, 13 82 cc Bulphocj anate (t'olhard copper titra- 
tion) 



Calculalcd for 

Cu (CiHiOtN)L2H-0 

Found 

H,0 

10 99 

10 48 

Cu 

19 40 

19 23 

NHj 

0 00 

0 52 


Esierificalion of ihe Residues 

We have previously observed that glycocoll and serme esters 
appear to escape extraction by ether’ to a large extent, as more 
of these ammo-acids could be obtamed from the imextracted resi- 
dues than from the esters Consequently we re-estenfied the 
residues left after extractmg the esters above described, and freed 
the esters from this last portion by means of sodium ethylate, 
ai oidmg chance of loss from the difficulty of extractmg the more 
soluble esters from water 

The residues from the mam esterification were combmed with 
the mother hquors from Fraction IV, which it was thought might 
contam some serme, and the mixture was re-hydrolyzed m order 
to spht any anhydndes which might ha\ e been formed by the 
esters The hexone bases were then precipitated by phospho- 
timgstic acid m the presence of hydrochloric acid The greater 
portion of the phosphotungstic acid m the filtrate was removed 
by extraction with ether The hydrochloric acid was then removed 
as completely as possible by concentratmg the solution under 

‘P 4 Levene, D D Van Sljke and F J Bircbard This Journal, 
vni, p 269, 1910 
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diminished pressure, and the small amount of phosphotungstic 
acid not lemoved by the ether was precipitated with barium 
hydrate solution The excess of barium was then removed by 
means of carbon dioxide and sulphuric acid The above procedure 
was adopted m place of the more commonly used precipitation 
of the bases in the presence of sulphuric acid followed by removal 
of phosphotungstic and sulphuric acids together with barium, 
because we have found that the bulky precipitate of phospho- 
tungstate and sulphate of barium adsorbs a considerable propor- 
tion of the ammo-acids, and that these acids cannot be regained 
by mere washing 

The solution obtained was esterified in the usual manner, the 
esters were freed with sodium ethylate, and distilled m two fi ac- 
tions, the temperature of the vapors running up to 90° m the first 
fraction at 0 5 mm , that of the vapors of the second fraction up 
to 115° Extraction of the ammo-acids from the first fraction 
with alcohol yielded a solution contammg 0 0820 gram of nitrogen, 
of w^hich 0 0285 gram was ammo nitrogen, the non-ammo mtrogen 
corresponding to 0 44 gram of proline The rest of this fraction 
consisted almost entirely of glycocoll of which 1 88 grams crystal- 
lized in pure condition when the solution of ammo-acids insoluble 
in alcohol was concentrated and treated mth alcohol 

Analisis 0 0965 gm substance, 32 5 cc N at 20°, 762 mm (Nitrous 
acid method) 

Calculated for 

C ^^NO Found 

N 18 69 19 22 

Rotation in Water Solution Solution of 3 30 per cent concentration 
m 1 dm tube No optical activity whatever 

The nitrogen content is characteristic of glycocoll, which always 
gives off a trace of other gas when treated with nitrous acid, so 
that the results come out about 0 5 per cent high 

From the higher boiling fraction of esters, which weighed 9 
grams nothing crystalline could be obtained except 0 4 gram of 
phenylalanine 

Analtsis 0 0620 gm substance, 9 00 cc N at 20°, 776 mm (Nitrous 
acid method) 


N 


Calculated for 
CqHuOiN 

8 49 


Found 

8 44 
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Tyrosine 

A solution containing 40 2 grains of allmmosc nas hjclrohzccl 
with 20 per cent Indroehlonc acid The acid nas rcnio\cd b> 
evaporation, follow ed b\ treatment with siK er sulphate and barium 
hj drate From the concentr ited solution 1 S3 grams of tjTOsme 
crj'stallized 

A^altsis 0 1257 gm substance, 17 1 cc X it 1S°, 704 mm 

0 1&4G gm substance, 0 4200 gm CO,0 1104gm HjO 

C'vlcubtcd for 



CjUiiOjN 

Found 

N 

7 73 

7 SG 

C 

59 67 

59 70 

H 

6 OS 

6 34 


Determination of the Hexonc Ba cs and Xitrogen Distribution by 
the Method of Van Shjl c 

Seten grams of albumose were hjdrolyzed with 75 cc of 20 per 
cent hydrochlonc acid After 6, 9, 16, and 24 hours samples of 
1 cc were withdrawn, diluted to 10 cc and used for determinations 
of ammo nitrogen The results were the same after 16 and 24 
hours mdicatmg that hjdroljsis was complete in 16 hours The 
greater portion of the hydrochlonc acid was remoi ed by concen- 
tratmg the solution under dimimshed pressure, and the residue 
was dissolved and brought to 250 cc Ten cubic centimeter por- 
tions were taken for Kjeldahl determinations Thej’’ neutralized 
25 63 and 25 59 cc of decmormal acid For the determinations 
duplicate portions of 100 cc , each contaimng 0 358 gram of mtro- 
gen, were taken The determinations were earned out as desenbed 
m the accompanjang paper by Van Slj ke 

^ Amid Nitrogen The ammonia from each sample neutralized 12 1 cc of 
nr sulphuric acid, indicating 0 0169 gm of nitrogen or 4 73 per cent 

Amino Nitrogen in the Bases One-fifth of the solution obtamed by dis- 
solving the phosphotungstate precipitate was used for determmation of 
ammo nitrogen The amounts of nitrogen gi\ en off were 

I 18 9cc at20°, 760mm , II 19 Occ 3120°, 760mm 

Arginine Determination One-half of the solution of the bases was used 
for each argmme determination The amounts of acid neutralized were 
I 9 40 cc , II 9 60 cc 
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Total Nitrogen of tlu Bates The same solutions as used for arginine were 
employed for determination of total nitrogen They neutralized by the 
Kjeldalil method 

I 37 1 cc , II 37 9 cc of ^ ucid 
Cystine in the Bases One-fifth of the solution in each case was usedfoi 
determination of cystine sulphur by the Benedict-Denis method Each 
yielded C mg of barium sulphate 

Total Nitrogen in the Filtrate from the Bases The filtrates were brought 
to 150 cc each and 25 cc jiortions used for Kjeldahl determinations There 
were neutralized 

I 20 OS cc , II 25 SO cc of “cid 
Ammo Nitrogen in the Filtrate from the Bases Ten cc portions were 
utilized for determination of amino nitrogen They gave off 

I 22 7-22 9, average 22 8 cc of nitrogen at 20°, 760 mm 
II 22 4-22 45, average 22 42 cc of nitrogen at 20°, 760 mm 
Melanin The melanin adsorbed by the lime used in boiling off the amid 
nitrogen was determined by the Kjeldahl method It neutralized 
I 10 15 cc , II 10 88 cc of acid 

The results are summarized in the following table, 


TABLE I 

Nitrogen Distribution of Prolo-Alhumose 



I 

11 

avebaoe 

Amid nitrogen I 

' 4 73 

4 73 

4 73 

Arginine nitrogen i 

14 71 

15 03 

14 89 

Histidine nitrogen j 

4 06 

5 00 

4 53 

Lysine nitrogen , 

9 50 

9 70 

9 60 

Cystine nitrogen j 

0 50 

0 50 

0 50 

Ammo nitrogen (filtrate) ! 

54 3 

53 5 

53 9 

Non-ammo nitrogen in filtrate 

6 8 

7 1 

6 95 

Melanin nitrogen j 

3 97 

t 

4 25 

4 11 


The arginine mtrogen corresponds to 7 72 per cent of arginine 
as the ammo-acid m the albumose, the histidme to 2 77, the lysine 
to 8 40 

Determinahon of the Hexone Bases and Nitrogen Disinhution in 

Hetero- Albumose 

In our previous paper on hetero-albumose we published the 
results of a determmation of the he\one bases and nitrogen dis- 
tribution by the method as used at that time We have smee 
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found that loss could occur through incomplete solution of the 
hexone base precipitate As the nitrogen m the filtrate nas at 
that time detennmed by difference, such loss -would cause too high 
results for the filtrate, especially m the non ammo nitrogen We 
ha-re repeated, therefore, this determmation m duplicate bj the 
present method, and find that a considerable loss did undoubtedly 
occur m the first determmation Our present results folloii 

Ten grams of air dried hetero-albumose -were hjdroljzed in a manner 
above described, and the solution brought to 250 cc Ten cc portions used 
for Kjeldahl determinations neutralized 43 05 cc eachof-j^acid Duplicate 
determmations of the nitrogen distribution rvere made on portions of 75 
cc each contammg 0 452 gm of nitrogen 

Amid Nitrogen The ammonia from each sample neutralized 20 5 cc of 
■nr Bulphunc acid 

Ammo Nitrogen in the Bases One-fifth of the solution obtained by dis- 
solving the phosphotungstic precipitate was used for determination of ammo 
nitrogen The amounts of nitrogen given ofi ivere 

I 26 35 cc , II 26 35 cc at 16°, 570 mm 

Arginine Determination One-half of the solution of the bases was used 
for each argmine determmation The amounts of acid neutralized were 
I 11^ cc , II 11 60 cc 

Total Nitrogen of the Bases The same solutions as used for argmme were 
employed for determination of total nitrogen The amounts of -ry acid 
neutralized were 

I 51 50 cc , II 51 14 cc 

Cystine in the Bases One-fifth of the solution was used for each deter- 
mmation The yields of barium sulphate were 

I 14 8 mg , II 132 mg 

Total Nitrogen in the Filtrate of the Bases The filtrates were brought to 
150 cc and 25 cc proportions were used for Kjeldahl determmations The 
amounts of ^ acid neutralized were 

I 31 1-31 4 cc , II 31 9-32 0 cc 

Amino Nitrogen in the Filtrate of the Bases Tence portions were utilized 
for determmation of ammo mtrogen They gave off 

I 29 15-29 23 cc , II 29 95-30 10 cc of nitrogen at 21°, 750 mm 

Melanin The amounts of ^ ncid neutralized were 
I 9 05 cc , II 8 30 cc 
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Tiio results arc sumniari/cd in the following table 


TAinx n 

Nitroqcn Diitribulion of Hclcro-Albumosc 



1 

i ■ 

1 

ArrntGE 

Amid nUrogen 

1 G 37 i 

[ G 37 

G37 

Arginine nitrogen 

13 93 i 

1 14 30 

14 15 

Histidine nitrogen , 

0 53 i 

6 37 

6 45 

Lj'sme nitrogen 

10 17 1 

10 12 

10 30 

Cjstmc nitrogen 

0 97 1 

0 S6 

0 91 

Ammo nitrogen in filtrate 

54 1 1 

55 7 

549 

Non-ammo nitrogen in filtrate 

4 0 

3 7 

3 85 

Melanin nitrogen 

2 S 

2 7 

2 7o 


The arginme nitrogen corresponds to 7 3 per cent of argmine 
as the amino-acid m the aibumose, the histidine to 3 9 per cent, 
the lysme to 8 9 per cent 

In the follomng table are compared the mean results for hetero- 
and pi oto-albumoses and for fibrm, the native protein from which 
the}’’ originate, the e\perimental data for the latter being given m 
the accompanying paper on the method 


TABLE in 


Comparison of Helcro-Albumase, Proto-Albiimose and Fibnn 


Amid nitrogen 
Arginine nitrogen 
Histidine nitrogen 
Lysine nitrogen 
C 3 '’Stine nitrogen 
Ammo nitrogen in the filtrate 
Non-ammo nitrogen m the filtrate 
Melanin nitrogen 


HETEIXO- 

AEDUMOSE 

j PROTO- 

\RBUMOSE 

FIBRIN 

6 37 

4 73 

8 31 

14 15 

14 S9 

13 64 

6 45 1 

4 53 j 

3 90 

10 30 ; 

9 60 

11 40 

0 91 ! 

0 50 

0 43 

54 9 

53 9 

55 4 

3 S5 

6 95 

3 90 

2 75 ' 

1 

4 11 

3 15 


The differences m the cystine are of no significance because the 
cystine is partially destroyed durmg the hydrol 3 ''sis 

In the followmg table are summarized the results of the complete 
h 3 ’’drolysis of hetero- and proto-albumose The figures indicate 
grams of ammo-acid from 100 grams of aibumose 
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T\BLE IV 



nETnno-ALDUMOsr 

rROTO-\r nuiiosr 

1 

Glutnminic acid 

9 51 

0 03 

Leucine | 

3 05 

5 79 

Isoleucme i 

2 90 

1 1 02 

Valme I 

3 54 

0 70 

Manine j 

3 39 

2 SO 

Valme-alamnc mixture 

1 SO 

0 00 

Probne 

1 4 27 

4 90 

Phenj lalanine 

' 2 45 

4 35 

Aspartic acid 

1 4 73 

2 9S 

Glj cocoll 

, 0 15 

1 44 

Tyrosine 

1 3 4S 

4 58 

Arginine 

' 7 30 

7 72 

Histidine 

3 90 

2 77 

Lysine 

8 90 

8 40 

Cy Stine 

1 36 

0 08 

Ammonia 

1 1 28 

0 92 




OXIDATION OF THE AMINO ACIDS H ALANINE 
AND TYROSINE 


W DENIS 

{From the Physiological Laboratory of the Tulane Medical School ) 

(Received for pubbcation, June 19, 1911 ) 

In a previous communication^ I have given an account of the 
oxidation of glj'CocoU and cj’-stme with alkahne potassium per- 
manganate, the work has been contmued along the same lines and 
m the present paper are recorded the results obtamed by the oxi- 
dation of two other of the more common ammo-acids — alanme 
and tyrosme 

Oxidation of Alanine with Alkaline Potassium Permanganate 

Two grams of Kahlbaum’s alanme dissoh ed m 50 cc of water 
were oxidized with 500 cc of a solution contammg 10 8 grams of 
potassium permanganate and 37 0 grams of potassium hydroxide 
(30 molecules) Vigorous oxidation took place at once and the 
temperature of the mixture rose to 37° C After standmg for 
forty-eight hours at room temperature complete decolorization had 
taken place, the products of oxidation were then isolated and 
quantitatively determmed by the methods previously descnbed 

From the above mentioned 2 grams of alanme I obtamed 1 45 
grams of carbon dioxide, 0 37 gram of ammoma, 1 9 grams of 
oxahc acid meltmg at 101° and volatile acids eqmvalent to 10 cc 
of decmormal sodium hj’'droxide 

The volatile acid fraction was found on the apphcation of qual- 
itative tests to consist of a mixture of acetic and mtnc acids 

Regardmg the mtermediate products it would seem most prob- 
able that the greater part of the alanme on oxidation with alkahne 

‘This Journal, ix, p 365, 1911 

73 



74 Oxiclatioji of Alanine and Tyrosine 

pcrmanR.'iniite a\ou 1(1 fiiM undergo n tiansformation into lactic 
lu’id uilh ‘luhscquont oxidalion to p3’TUvic, oxalic and carbonic 
acids 


iC'ii-i CHS 11 c 0011 + 2iioO — > 2cn3 choh cooh +2AH3 

i +0 

2 CH 3 CO COOH 
i 4-40 

(COOH); + 2C0: + 2 H 2 O 

Howc^ci m a number of experiments m rvhich alanine was 0 x 1 
di7cd under various conditions with an insufficient amount of 
alkaline permanganate solution I was unable to obtam quabta- 
tive jiroof of the presence of p 3 Tuvic acid 

The isolation of a minute quantit 3 " of fatt 3 ’’ acid would seem to 
indicate that a small portion of the alanine is transferred directh 
into acetic and carbonic acids 

CHs CHNH; COOH + O; CHs COOH -f CO; -f NHj 

Ovi(iaho7i of Tyrosine with Alkaline Potassium. Permanganate 

The t 3 T 0 sme used in this work was prepared from silk b 3 ’’h 3 "drol 3 - 
sis with 20 pei cent sulphuric acid To 2 grams of t 3 T 0 sine sus- 
pended in 50 cc of xvater v ere added 600 cc of a mixture containing 
19 0 grams of potassium hydrate (30 molecules) and 17 0 grams of 
potassium permanganate Vigorous oxidation began at once and 
the mixture was allowed to stand at room temperature for tx\o 
da 3 "S, as a small amount of the permanganate still remained unre- 
duced The solution xvas then heated for an hour on the boiling 
water bath, ammonia, caibon dioxide, oxalic acid and volatile 
acids were determined by the methods previously described 
this way I obtained from the aboxm mentioned 2 0 grams of t 3 T’ 0 Sine 
0 18 gram of ammonia, 2 02 giams of carbon dioxide, 2 1 grams of 
oxalic acid, volatile acids equivalent to 16 00 cc of decmornial 
sodium hydrate The xmlatile acids were found to consist of 
0 03 gram of acetic acid, and some nitric acid, m the early part of 
the distillation a small amount of a wffiite cij'^stallme body u'as 
driven over, this substance which is probabl 5 ^ p-oxybenzoic acid 
was formed m such minute quantities that a positive identification 
was impossible 
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The oxalic acid obtained vras identified bj its melting pomt, 
99° C , nsing after desiccation o\ er sulphunc acid to 189°, and 
b> the properties of its calcium salt 
' From these results it is apparent that m the oxidation of tjTosmc 
bj alkaline permanganate approximately four carbon atoms are 
utihzed m the formation of carbon dioxide ishile the remaining 
fii e carbon atoms go to the production of oxalic, acetic, and prob- 
ably p-oxj benzoic acids 

The ease mth which the benzene nng is broken would seem to 
pomt to the mtermediate formation of quinone compounds with 
the teanng apart of the side cham and benzene nng 


OH 

OH 

/\ +2H-0 

1 1 

2 1 + 2 CH 3 CHXH. COOH 

\/ 

u 

1 

OH 

CH- 

1 - 0 , 

1 

i 

CHNH; 

0 

i 

2/\ ^ 100 , 

COOH 

j > 4(C00H)2 + 4CO. 


In order to obtam proof of this theorj' I have oxidized hjdro- 
qumone bj exactlj’’ the method used for tjTosme 
Two grams of hj droqumone suspended m 50 cc of water were 
treated with 600 cc of a mixture containmg 32 2 grams of potas- 
sium hydrate (30 molecules) and 18 6 grams of potassium perman- 
ganate, after standmg for two dajs at room temperature decolor- 
ization of the permanganate was almost complete, the mnxture 
was then heated for half an hour on the boilmg water bath to obtam 
complete reduction In this way I obtamed 2 56 grams of oxahc 
acid, 2 52 grams of carbon dioxide and on distilhng after acidifj mg 
the solution a small amount of a white crj'staUme acid bodj con- 
densed m the recen er which had the same properties as the sub- 
stance obtamed m a similar way on the oxidation of tjTosme 
no \olatile fattj acids could be detected m the distillate 
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SUMJURY 

1. Tlic jiroclucls produced by the oxidation of alanine with 
ailcalmc potassium permanganate wore shown to be ammonia, 
carbon dioxide, oxalie, acetic and nitric acids 
2 On oxidation of tyrosine with alkaline potassium permanga 
natc the oxidation products were found to consist of ammonia, 
carbon dioxide, oxalic, acetic and nitric acids, together with traces 
of an acid w Inch was thought to be p-ox^^benzoic acid but which 
owing to the minute amounts available was not positively identified 



THE PHOSPHORUS ASSIMILATION OF ASPERGILLUS 

NIGER 

Bt ARTHUR W BOX 

(From the Chemical Section of the Iowa AgnculluTol Experiment Station ) 

(Recened for publication, June 22, 1911 ) 

In his classic researches on the nutntu e requirements of lower 
fungi, Raulm^ made the observation more than forty years ago 
that the presence of a phosphate m the medium is necessary for 
the support of hfe of Aspergillus niger The amount reqiured was 
mdeed small, but when this was omitted from the cnltore me- 
dium, the mold failed to develop Smee that tune a number of 
different culture media have been formulated by other mvestiga- 
tors, but all contam phosphorus m some form In the simplest 
of the synthetic media described, the phosphorus is added m the 
form of an ammomum or potassium salt of phosphoric acid, while 
the more complex media, such as mfusions and decoctions of vari- 
ous plant and anim al products, may contam part or all of the phos- 
phorus m orgamc combmation 

The carbon and mtrogen assimilation of molds have beenmade 
the subject of manymterestmg mvestigations ’ Growth phenom- 
ena have been studied by varymg the carbonaceous or mtrogen- 
ous constituent of the medium, and m this way many mterestmg 
observations have been made The common saprophj^ic molds 
were found to have the power of utihzmg a surpnsmgly large 
variety of chemical substances as sources of carbon and mtrogen 

I Ann sc nat (5) hot , xi, p 93 

Naegeli Bot Mitlh ,iii,p 395,Remke Bot Zeitung,Ai,p 551,Duclaux 
Compt rend soe biol , xxxni, p 91, Diakonow Bcr bot Gesellsch , v, p 
380, Punewitsch t6id , xiii, p 342, Emmerling Ber d d chem Ges,xxxv, 
p 2289, Czapek Hofmeistcr’s Beitrdge,, i, p 542, in, p 47, Abderhalden 
Zeilschr f physiol Chem , xlvii, p 394, Hasselbnng Bot Gazelle, xlv, p 
176, Ritter Bcr bot Ges , xxvii, p 5S2, Pringsheim Chem Zen'ralbl , 1910 

11 p 101 ’ 
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Of the other elements nccessarj' for the support of plant life, 
phosphouis IS perhajis the only one which can be varied to an) 
extent in the culture incdniin It can be supplied in a vanet) 
of forms, depending upon valence, state of h3^dration, and the 
propel ty of forming ester -like combinations wtb organic radicles 
The cultures described in tins paper were made for the purpose of 
determining the availabiht3'^ of different compounds of phosphorus 
as food mateiial for longer fungi 

Paulin's medium, from which the prescribed ammonium phos- 
phate was omitted, wms used throughout these experiments, and 
an equivalent amount of phosphorus m some other form substi- 
tuted In 01 dcr to avoid anj’’ hj^drolj'^sis of the phosphorus com- 
pound that might result from sterilization of the medium, the latter 
w'as sterilized separately'-, and the source of phosphorus to be tested 
was afternmrds added under aseptic conditions The resulting 
media were then inoculated from a pure culture of Aspergillui> 
mqc) and kept m the dark at room temperature 

Vai lous forms of inorganic phosphorus w'ere first tried The 
salts W'ere carefully purified and analyzed, so that the exact amount 
of pliosphorus coi responding to that contained in Haulm's medium 
could be used The cultural data are gn en m the follovung table 


SUBSTANCE 

FOBMUUA 

prn 

CENT P 

AMOUNT 

added 

OnOT^TH IS ONE WEEK 

Sodium orthophosphate 
(anhydrous) 

NajHPOi 

21 s 

per cent 

0 0431 

Excellent 

Sodium p 3 ’-rophosphate 

NatPjOj lOHjO 

6 95 

0 1354 

Excellent 

Sodium metaphosphate 

NaPO, 

30 4 

0 0309 

Excellent 

Sodium hypophosphite 

NaHjPOj mo 

29 2 

0 0322 

Germination onI> 

Sodium phosphite 

NaiHPO, smo 

14 4 

0 0G53 

Nil 


Pyro- and meta-phosphates when kept in solution tend to com- 
bine wuth water and revert to the orthophosphate Whether or 
not this occurred to anj" extent m the cultures wms not determined 
positively From the fact that the cultures on these two sub- 
stances germinated and developed as rapidly as that on the ortho- 
phosphate, w^e are mclmed to suppose that these salts must 
have been utilized directly Sodium hjqiophosphite and sodium 
phosphite are evidentlj'- not available as sources of phosphorus 
This failure to support life was not due to a direct toxic action, as 
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was shown by separate cultures in rshich orthophosphate was 
present in addition to phosphite and hjiiophosphitc respectively 
When the orthophosphate was present in the usual amount, a con- 
centration of 3 per cent of sodium hj^iophosphite was necessary 
to suppress completely the growth of mold, while this concentra- 
tion of sodium phosphite did not entirely check grondh The 
toxic effect m these two instances was caused as much perhaps by 
the sodium ion as by the reduced phosphorus Wlule the mold 
grows m ammoniuin phosphate or ammomum acid phosphate m 
concentrations up to 30 per cent, a concentration of sodium phos- 
phate (anhydrous salt) of 2 3 per cent entirely inhibits growth 
The effect of mcreasmg concentration of these salts is of course 
a gradual one With the optimum amount m the medium, the 
mold gemunates withm twenty-four hours and rapidly develops 
a thick mycelium which is usually full of wrinMes and corrugations, 
evidently for the purpose of presenting a greater surface for absorp- 
tion of the nutritive medium At the same tune the development 
of black spores is qmte rapid An mcrease m the amount of a 
given salt m the medium beyond the optimum tends to retard 
germmation and render the growth of mj cehum less dense, while 
the spore formation is delaj-ed or even suppressed Beyond a 
certam concentration, germmation and development may be 
entirely inhibited 

Several substances containmg phosphorus m orgamc combma- 
tion were also tested as sources of t his element In all of these 
substances the phosphorus is m its higher state of oxidation, and, 
as will be seen from the followmg table, is readily utilized 


SUBSTANCE 

PEB CE^ 

P 

AMOTTST 

ADDED 

GSOVVXU rs OVE WEEK 

Phytm 

21 60 1 

ptff cent 

0 0435 1 

! Excellent 

Sodium glj cennophosphate 

13 11 1 

0 0717 

Excellent 

Sodium nuclemate 

7 92 

0 11S7 

1 Excellent 

Lecithin 

4 36 

1 0 2150 

Excellent 

Casein 

0 85 

1 105S 

Excellent 

Oioi itellm 

0 69 

1 1 3623 

E’^cellent 


It IS probable that m aU of these instances phosphoric acid is 
first split off from the organic complex by means of some enzyme 
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secret cd b} the mold and then utilized m this form IwanoS'has 
sliowi that an enzyme can be prepared from this organism whicli 
decomposes nucleic acid with the liberation of phosphonc acid and 
purine bases, and the UTitcr- has demonstrated the presence, in 
another mold, of an crcpsin capable of hydrolyzmg casern An 
enzyme m Inch decomposes phytin into phosphoric acid and inosite 
IS ^\ldcly distributed m plants, andlecithmis knonm to be acted upon 
b}' an enzyme similar to, if not identical with, lipase Whether 
or not such a cleavage must take place before the phosphorus 
IS available can be determined only by further study The cul 
tural experiments described here show, however, that quite a 
variety of pliosphorus-containing substances may be utihzed by 
Aspergillus mger as sources of this element, but that compounds 
of tnvalent phosphorus, though not appreciably toxic, are not 
available for assimilation by this organism 

> Zcitschr f physiol Chem , -ccvix, p 31 

* Bureau of Animal Industry, Bulletin 120, p 41 



ON THE APPLICATION OF THE OPTICAL METHOD TO 
A STUDY OF THE ENZYMATIC DECOMPOSITION 
OF NUCLEIC ACIDS 

Bt SAjMDEL AMBERG A^^> WALTER JONES 
{FroTn ths lAiborcitory of Physiological Chemistry^ J ohns Hoplms Umccrsily ) 

(Received for pubbcation, June 27, 1911 ) 

Experiments recently made m this laboratory have shown that 
nucleic acids undergo enzymatic decomposition m vanous ways 
when submitted to the action of the ferments of different gland 
extracts m fact each gland is somewhat charactenzed by the 
manner and extent of the decomposition which it can accomphsh 
Thus extract of pigs’ pancreas was found capable of attackmg 
nucleic acid at two different pomts, giiung nse on the one hand to 
free punne bases and on the other hand to free phosphoric acid 
with the consequent formation of two purme nucleosides, one of 
which remains unaltered (guanme-nucleoside) and is found as an 
end product, while the other (adenosm-nucleoside) is desamidized ^ 
It has also been shown how hypoxanthme may be formed from 
nucleic acids by the ferments of gland extracts without the mter- 
mediate production of adenme® An investigation by W D 
Reddish^ will show how certam glandular extracts completely 
decompose nucleic acids with hberation of all their purme groups 
While this work was m progress an article appeared by Pighmi^ 
who found that when jeast nucleic acid is digested at the body 
temperature with blood serum the optical rotation of the substance 
is rapidly diminished, finally fallmg near or qmte to zero and this 
writer was undoubtedly of the opmion that drmmution m rotarj’^ 

MY Jones This JournaZ, ix, p 1G9 

’Amberg and Jones In publication Zeilschr f physiol Chem 
•To be pubhshed 

‘Pighini Zcitschr f physiol Chem , kx, p 85 

SI 
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jiowcr was brouglii about by a complete disruption of the mole- 
cule of nucleic acid 

It thus became desirable to loiow how far the results which 
■we liad obtained with gland e\tracts w^ere to be ascribed to the 
SCI um w Inch tlic^’’ contained JMany of our experiments had been 
made w ith thjmnis nucleic acid (some wath the sodium salt) and 
numerous experiments had com meed us that blood serum exercises 
no effect whatever upon this substance, for after digestion with the 
SCI a of a number of different animal species, a large part of the 
nucleic acid could be lecoveicd and showm to conduct itself polari- 
metricall}'' and chemically like the initial nucleic acid, whde no 
decomposition products of the substance could be found Isei'e^ 
tbcless, to confirm our former results experiments were made wit 
extracts of organs that had been freed from blood by perfusion 
but it was uniformly obseived that these extracts exerted the same 
cnzjunatic action upon nucleic acid that bad been shown wi 
organs containing blood ^ As might have been supposed, euz3 
malic activities, which are different m different organs, cou no 
possibly be brought about by blood serum which is present m 


We next proceeded to stud}*" the action of blood serum upon J 
mus nucleic acid hy the optical method w^hich Pigbim had emp oye 
but could observe no change whatever m the optica ^ 
of this substance w^hen it was digested wuth the blood sera o 
ox, dog or rabbit We finally made experiments with raDO 
serum and yeast nudeic acid following exactly the directions 
by Pigbini, and were able to confirm to a certain degree c 
mgs which he reports Yeast nucleic acid, m distinction 
thymus nucleic acid, does suffer a diminution in rotation y 
tion wuth the blood serum of both horse and rabbit iiut 
does not involve the liberation of either phosphoric acid P 
bases, in a form capable of precipitation by the reagen s , 

employed for the purpose as can be done with the prod 
the action of glandular ex-tracts , ^ ovtpnded 

Very recently Levene and Medigreceanu>= described an exten 

study of the action of the plasmata of dog’s oigans upon 


‘ Amberg and Jones loc cit 

* Levene and Medigreceanu This Journal, ix, p ob 
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aads and their decomposition products One experiment is 
given on the action of dogs’ serum upon 3 east nucleic acid, and 
one upon thjnnus nucleic acid Their results are practicallj in 
accord with those which we obtamed with the sera of the horse and 
rabbit They found lery little depression m the rotation of 
thymus nucleic acid but considerably more m j-east nucleic acid 
Levene and hledigreceanu also note that their polarunetnc 
observations were alwajs made after the material had cooled to 
the room temperature, as changes in temperature can noticeably 
affect the magmtude of the rotation 
In the course of our work we took occasion to examme somewhat 
closely the factors other than ferments that can influence the optical 
rotation of yeast nucleic acid This had alreadj been done, mth 
thymus nucleic acid^ whose specific rotation was found to change 
considerably with change m dilution and to a very marked extent 
with changes m acidity This was also found to be the case with 
yeast nucleic acid But the dilution curves of salts of the two 
nucleic acids are not the same shape, that of j'east nucleate bemg 
more nearly a stiaight hne, and the specific rotation of thymus 
nucleate is very much less than that of yeast nucleate m any given 
concentration An exammation was also made of the influence of 
temperature upon yeast nucleate a matter which was referred 
to by Levene and Medigreceanu We found that the rotation ts 
marhedly lowered as the temperature rises This alteration of the 
optical rotation of yeast nucleate brought about by changes of 
temperature is such that the expression “room temperature” 
becomes somewhat vague A polanmeter tube filled with yeast 
nucleate solution was allowed to stand m the room and observa- 
tions of the rotation were made every 24 hours The vanations 
noted (caused evidently by changes of the room temperature) 
were great enough to suggest a decomposition of the nucleate 

But these alterations m rotation are not permanent A solution 
kept at 20° for several days wiU prompth show the rotation corre- 
spondmg to 40° when it is heated to that temperature, and a solu- 
tion kept at 40° will show the proper rotation for 20° when it is 
cooled 

Pighmi states that his mitial readme were made at room tem- 


'W Jones This Journal, v, p 1 
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pernturc, the digestions earned on in an Ostwald thermostat at 
37° and after cooling again to the room temperature readings ivere 
again made But lie continues that the experiment succeeds 
better ulien the final reading is made at 37°, a remark which sug 
gests that his results are too high He attributes the fall m rota 
tion to a decomposition of the nucleic acid by a ferment of the 
serum While an influence of the serum on yeast nucleic acid can- 
not be denied, the failure to liberate cither phosphoric acid or 
purine bases isould indicate that if we are here dealmg with a 
decomposition of nucleic acid, it is unlikely that either phospho- 
nuclease or purine nuclease* is concerned It would therefore 
appear that results obtained by the optical method in the study of 
the decomposition of nucleic acids, unsupported by corroborative 
evidence, must be interpreted with great caution and especiall} 
whore the change in optical activity' is small and may have been 
caused by factors not connected wuth ferment action 


EXPERIMENTAL 

A 3 per cent solution of Merck's y'east nucleic acid was made m 
water wnth enough ammoma to neutrahze the flmd Portions o 
the solution were diluted with 1, 2, 3, 4, 5, 6, and 7 parts of wa r 
respectively and the eight solutions examined optically 
temperatures The results are given in table I and are grap ica 
represented in diagram I after reduction to a common 
tration All observations were made m 2 dm tubes, an 
rotations were positive 


TABLE I 


CONCENTHATION (PER CENT) 

3 

1 6 

1 00 

0 75 

0 60 

0 50 

0 43 

0 3T5 

Polarization at 15° C 

6 79 

3 13 

1 97 

1 40 

1 07 


0 68 

A VA 

0 60 

1 58 

Polarization at 22° C 

6 42 

3 

1 88 

1 35 

1 02 


A K'T 


Polarization at 27° C | 

5 71 

2 60 

1 60 

1 10 


0 69 

1 

U 0/ 

A An 

0 37 

Polarization at 35° C I 

4 98 

2 07 

' 1 27 

0 87 

0 65 





lAmberg and Jones loc cit 
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DIAGRAM 1 



zs 13 to 073 aeo oso 043 ozts 

OILunON 


As m the e"q)enmeiit above, a 3 per cent solution of jeast 
nucleate was diluted with water and for comparison the same solu- 
tion was diluted with 2 5 per cent ammoma Results are given in 
table n, and diagram IT 

TABLE IL 


Dilution vnth •water 


Polarized at 23° C 6 30 2 85 1 78 1 25 0 98 0 80 0 68 0 58 


Dilution vnth 3 S •per cent ammonia 
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DIAGHAM II 



A 1 6 per cent solution of yeast nucleate was made m norma! 
sahne with enough ammonia to neutralize the fluid Of this 22 cc 
were treated with 2 cc of rabbit’s serum and for a contro! 22 cc 
treated with 2 cc of saline 

A solution ot thymus nucleate 1 5 per cent made in normal 
sahne Of this 22 cc treated with 2 cc of rabbit’s serum and for a 
control 22 cc treated with 2 cc of sahne 
These four solutions were placed in four polanmeter tubes and 
digested at the body temperature for two periods of two hours each 
and then allowed to cool in the room for 21 hours The results 
are given in table III and diagram III It wijl be noted that the 
control solutions as well as the solution of th 3 Tnus nucleate suffer 
a fall in rotation as the temperature rises but after cooling the 
rotation returns to the initial On the contrary, the solution of 




Samuel Amberg and Walter Jones 87 

3 east nucleate and serum does not regain its initial rotation after 
digestion at 40° and subsequent coobng to 20° 


table m 


1 

iVlTlAr 

TWO HOtmS 

IrOCR BOTJSS 

TWO HOUBS 

BOLTTTION 

BE \DXSG 

at3S* 

AT 3S* 

AT 20’ 

Yeast nucleate control 

3 45 

2 93 

2 96 

1 

3 4C 

Y east nucleate and serum 

2 SO 

1 S5 

1 74 

2 os 

Thj mus nucleate control 

1 52 

1 35 

1 35 

1 55 

Thymus nucleate and serum 

0 95 

0 83 

0 83 

1 03 
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STUDIES ON MELANIN n THE PIGMENTATION 
OF THE ADULT PERIODICAL CICADA (TIBICEN 
SEPTENDECIM L ) ‘ 

Bt ROSS AIKEN GORTNER 

(From the Biochemical Laboratory of the Station for Expenmenlal Evolution, 
The Carnegie Institution of Washington ) 

(Received for pubbcation, June 30, 1911 ) 

INTRODUCTION 

The Penodical (Dicada {Txbicen septendecim L ), commonly 
known as the “seventeen year locust,” presents one of the most 
remarkable changes m coloration of which I am aware The 
pupje, at the end of the seventeen-year penod of subterranean 
life, emerge from the ground about dusk on a late sprmg evenmg 
and at once proceed to climb upward upon any object which they 
may find, such as trees, shrubs, weeds, blades of grass, etc Here 
they fasten their claws firmly m the bark or on a leaf and the proc- 
ess of transformation begins This process can best be described 
bj’- reference to the accompanymg illustrations (Plate 1) ~ Fig l 
shows the pupa ready for transformation Fig 2 shows the adult 
begmmng to issue from the pupal shell Fig 3 shows the adult 
nearly free from the pupal shell Fig 4 shows the adult, com- 
pletelj’- formed but as yet practicallj’" colorless Fig 5 shows 
the adult with the coloration fully matured several hours after 
emergmg from the pupal shell The tune occupied m the trans- 
formation from pupa to adult vanes from twenty mmutes to an 
hour or more 

'Reported before the Biochemical Section of the Amencan Chemical 
Society at the Summer Meeting, Indianapohs, Indiana June 2S to July 1 
1911 ’ 

- This plate IS reproduced from BuUetm 71, of the Bureau of Entomology, 
the IJ S Department of Agriculture, by the kind permission of C L Mar- 
latt, author of the BuUetm and Assistant Chief of the Bureau 
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“Tlic colors of the forming Cicada are a creamy white with the 
exception of the reddish eyes and two strongly contrasting black 
patches on the prothorax, a black dash on each of the coxae and 
sometimes on the front femora, and an orange tinge at the baseof 
the Wings Gradually tlus creamy hue turns to a smokj' 
appeal nnco wdiich continues to deepen until in a very few hours 
tlic entire insect is a deep black mth the exception of the eyes 
wdiich remain red, and the wang veins which are orange 

I liad cx^pcctcd from my earlier work on the pigmentation of 
the meal worm- {Tenebno inohtor), to find that this change m 
color xvas an oxidation, induced by the action of an oxidizing 
enzjane, and my expectation was fully realized, although there are 
important differences m the two cases 

THE MATERIAL 

Pupai and newdy emerged adult Cicadas belonging to Brood 11 
(Marlatt, loc cit ) ivere collected at Highwood, N J , on the nights 
of May 29 and 30, and a second portion at Summit, N J , on the 
night of June 6 Enough newdy emerged adults were collected 
to completely fill a 500 cc bottle containing 100 cc of distilled water 
The insects were pressed down until they were completely covered 
by the water and the bottle was then tightly stoppered In this 
manner all air was excluded 

A quantity of the pupae were also collected and placed in an 
empty gas wash bottle, carbon dioxide was then passed through 
until all of the air had been displaced and no signs of hfe were 
apparent In this state of “suspended animation” they remained 
for about eighteen hours, and w^hen they were exposed to the air 
in this laboratory they nearly all revived and a considerable num- 
ber transformed in the normal manner By this means I was able 
to obtain adults which had just emerged and to w’’atch the process 
of coloration without the aid of artificial hght 

EXPERIMENTAL 

The pigmentation of the Cicada is an oxidation, and the color 
is due to the action of a tyrosinase acting on some aromatic ammo 

* Quoted from Riley, cited by Marlatt, The Periodical Cicada, loc cit 

* Gortner This Journal, vii, p 365, 1910 



Ross Aiken Gortner 


91 


phenol^ producing, as a result of tke reaction, a black, insoluble 
pigment That the reaction is an o-adation can be shown in 
several ways 

1 If the insect which has just emerged from the pupal shell 
IS submerged m water, no coloration appears, and the Cicada 
remains colorless until decomposition sets in If, however, the 
submerged insect is removed from the water and exposed to the 
action of the air before decay has set m, the coloration proceeds 
at once 

2 If the colorless adults are kept m a stream of carbon dioxide 
no coloration is observed, but when the earbon dioxide is dis- 
placed by pure oxj^gen, blackemng readily’' appears 

In the meal worm I found that the tyrosmase was present in 
the body fiUmg, but I have been unable to find a tyrosinase m the 
body filhng of either the pupa or the adult Cicada The body’ 
filhng, when exposed to the air, does not darken nor does the addi- 
tion of tyrosme cause a coloration, the addition of guaiacol how- 
ever, causes a deep red coloration while no coloration appeared m 
a boiled check This would show that there is apparently’ some 
sort of oxidase present there 

The method by which the tyrosmase was isolated is as follows 
The water m which the Cicadas had been collected was dramed 
off after about twelve hours and was found to be a very powerful 
solution of an oxidase and a chromogen, for when it was exposed 
to the action of the air it rapidly turned jet black, without produc- 
mg any mtermediate pink coloration The addition of three vol- 
umes of alcohol throws down a dense grey precipitate which has 
no oxidizing properties, or rather a precipitate whose oxidizmg 
properties have been destroyed by’ the alcohol Saturation with 
ammomum sulfate, however, gives a grey precipitate which is 
readily’ soluble in water to a clear solution, and which rapidly oxi- 


' 1 have stated above that the chromogen is an " aromatic ammo phenol ” 
This statement can be substantiated by the fact that, ivheteas tyrosme gives 
first a red and then a black m the presence of tyrosinase, t5TOEol, prepared 
from tj-rosme by the action of yeast, which spbts out CO2 from the carboxyl 
and replaces the ammo group with hydroxyl, gives only a pink to red m the 
presence of tyrosmase, showing that the primary red coloration of tyrosme 
IS probablj due to the phenolic hydroxyl, and the final black to some reac- 
tion of the ammo group 
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dizcs t^Tosmc to a jet black precipitate, produces a rose colora- 
tion AMth tjTosol, pink mtli guaiacol, and deep blue with tincture 
of gum quaiac Boiled checlcs were earned out m all cases and 
in no instance ivas coloration observed 

Wlien a portion of the solution was heated at 75° for one minute 
all oxidase actmty was destroyed and no coloration was produced 
on the subsequent addition of tyrosine, heatmg at 50° and 60° for 
a similar period did not appear to affect the activity, while one 
minute’s exposure at 70° decidedly weakened the oxidizing power 
The same results were found when the colorless adults were used, 
heatmg for one minute at 75° totally inhibits the coloration All 
oxidase activity is also lost if the tyrosmase solution is diatyzed 
in collodion bags m a stream of running water for twelve hours 
This IS in accord mth Porter’s observations' on other enzymes, 
such as pepsin, tr3psm, rennet, emulsion, etc , and he suggests 
that the ferment is changed, by contact with the membrane, into 
an anti-ferment, which inhibits the reaction 

The Effect of Eight on the Pigmentahan Several colorless 
adults w'ere exposed to strong hglit, dim hght, total darkness and 
light wduch had passed through blue glass No apparent diSer- 
ence was noted in the rapidity of coloration nor in the final depth 
of color 

The Origin of the Tyrosinase In the meal w^rm I found that 
the normal coloration developed after the death of the larva, a 
condition winch was probably due to the fact that the oxidase 
and chromogen are both to be found in the body fillmg m sufiScient 
quantity to produce the normal coloration even after the secretion 
of the enzyme has ceased In the Cicada the enzyme, once formed, 
does not depend upon life processes, but life is necessary to pro- 
duce the normal coloration This is readily accounted for by the 
supposition that the oxidase is secreted together with the new 
cuticula, and m the absence of life processes the secretion of the 
cuticula ceases Colorless adults which were thoroughly washed 
and rubbed in a stream of water, after death, m order to remove as 
completely as possible the newly formed cuticula, darkened only 
in isolated spots, mostly in the folds of the abdomen where the 
cuticula had probably not been completely removed, while other 

‘Porter Biochein Zetlschr , xxv, p 301, Quart Journ of Exp Physiol, 
ui p 375 
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adults which had been, as thoroughly washed, but not killed, slowlj 
darkened to the normal color The assumption that the oxidase 
IS formed at the same time that the cuticula is secreted v,ould 
explam why no tjTOsmase was obtamed from the bodj' filling of 
the pupce, or adults 

The Chromogen I ha\ e been unable to identify the chromogen 
which IS oxidized by the tjTOsinase Perhaps it is tjTosine or some 
similar body such as the unknown component of the keratin mole- 
cule 1 When the water in which the adults were collected was 
precipitated by alcohol, filtered, and the filtrate evaporated, a 
yellowish residue was obtained which gave a strong million’s 
reaction and which colored a dusky black on the addition of tjTo- 
smase The coloration was not as intense, however, as might have 
been expected 

Another possibihtj, inasmuch as the coloration is a uniform 
black over the entire body, is that the entire new cuticula is formed 
by the reaction between the oxidase and the chromogen, in the 
same manner that the Japanese lacquer is formed by the action 
of laccase on the milk} latex of the tree Rhus vermafera - 

SUIIMAET 

The pigmentation of the penodical Cicada {Tibicen septendeam 
L), is due to the mteraction of a chromogen and an oxidase of 
the tyrosmase group The oxidase is not present, as such, m the 
bod}' of the pupa or adult but is apparently secreted together with 
the new cuticula, masmuch as the oxidase is readily isolated from 
the water in which the newly emerged adults have been washed 
The enzyme produces coloration after death, but these colorations 
do not deepen to the normal color, probably because the secretion 
of the new cuticula, and as a result the secretion of the enzyme, 
ceases m the absence of life processes The tyrosmase is rendered 
inactive bx alcohol and by prolonged dialysis in collodion 
bags 

* Gortner This Journal, ix, p 355, 1911 

’Yoshida Joum Chem Soc , xliu, p 472, 1883, Bertrand, CompI rend 

acad 1 C 1 cxviii, p 1215, 1894 
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Iivish to thank Doctor J j\I Nelson, of the Laboratory of Orgaaic 
Chemistry, at Columbia Universitj’-, for generously putting all 
facilities at ray disposal so that a part of these observations could 
be made the same night the material was secured I also wish to 
thank Mr C W Otto for assistance in collecting a portion of the 
material 




Tnr Tr^nsformwon of the Emerged Periodical Cicada 
1 — ^Pupi ^oad^ for transformation 2 — \dult beginning to issue from 
pupal shell 3 — \dult nearb free from pupal shell 4 FreshK trans- 
formed adult the coloring immature 5 — A.dult, sei eral hours after trans- 
formation, the coloring mature 4bout natural size 



FURTHER EXPERIMENTS UPON THE DETERMINATION 
OF IODINE IN THYROID 

Bt ATHERTON SEIDELL 

{From the Dinston of Pharmacology, Hygienic Laboratory, United States 
Public Health and Marine Hospital Service, Washington, DC) 

(Recei\ ed for pubbcation, June 18, 1911 ) 

It was pointed out some years ago bj' F C Koch,’ that the lodme 
content of desiccated sheep thyroids prepared at different seasons 
of the 1 ear was as much as three times as great m the wmter as 
m the summer months It appeared therefore of interest to ascer- 
tam if a similar seasonal variation could be obsen ed m the iodine 
content of the thj-roid of some other animal For this purpose 
there were obtained samples of th>Toids at mtervals of two 
weeks, from the dogs kdled at the TVashmgton dog pound dunng 
the year 1910 and part of 1911 The samples consisted of from 
10 to 32 smgle glands in each case, they were dned, powdered, and 
after all had been obtained, simultaneously analyzed by the new 
Hunter lodometnc method - In connection with this experiment 
an extensive comparative mvestigation of the Hunter and Bau- 
mann methods for the detennmation of lodme m thjToid was made, 
as well as additional determmations by the modification of the 
Baumann method suggested b 3 ’' Riggs ^ 

The present work demonstrates the supenontj of the Hunter 
method, both as to rehabihty of results and simphcity of mamp- 
ulation, and therefore dimmishes the importance of the question 
raised b 3 ’ Riggs m regard to the possibiht 3 ' of the occasional pro- 
duction of lodate durmg the fusion and the consequent loss of 
lodme b 3 ’' the Baumann method A few remarks m this connec- 

Uvoch Proc Amcr Phaim Assoc , Iv, p 371,1907 
= Hunter This Journal, \h, pp 321-349,1910 

'Riggs Joum Amcr Chem Soc , -coa, p 710, 1909, xxxii, p 692,1910 
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t ion may not bo out of iilace at this time, since the admission of 
Riggs’ hjqiothcsis would discredit the work of all mvestigatorsviho 
have hitherto used the Baumann method furthermore, in his 
second paper Riggs, ^ has misunderstood certain details of my pre- 
vious cxiicriments and therefore assumes that they do not disprove 
Ins contention 


For instance lie si itcs that I claimed complete cvtraction of the acidified 
aqueous solution w ith three 2-3 cc portions of carbon tetrachloride, an 
furthermore that I ha\ e adopted such amounts of carbon tetrachloride 
instead of (he usual 10 cc quantity employed by everyone else The title 
and he idings of mj t able,* nc\ crthcless show \ erj clearlv that 2-3 cc quan 
titles of this sohent were used onl} “to remo^ c residual I from aqueous 
layer,” that is, these small quantities of CCh were used upon 
V Inch cre left from the regular iodine determination, and ® mwo 

fore ftlrcadj been shaken out with the usual 10 cc portions o i 
smaller amounts were used only to furnish a more dehcate indica ° 
quantity of iodine present, since more color is imparted to a sma er\ 
of ecu by a given amount of iodine In this nay it was hope ° 
tain of as complete removal of iodine os possible before the app 
of the reduction process n ith the Devarda’s aUoy It will be no ic 
ev er that additional minute amounts of iodine were found (last co 
table), after making alkaline and again acidifying, both in the ^ 
the alloy had been used and m those m n hich none n as added 
mg that cv cn n here the greatest care n as exercised to remove a 1 ' 

an additional amount could be recovered after ® „ -educ 

centration of the salts in the aqueous solution without the aid ^ ,^^,3 
tion n hatever Riggs appears never to hav e made such obvi 
I believe these quantities are of just about the order d from 

in most cases bj Riggs, and attributed by him to lo me re 
lodate This appears more probable since in addition to using 
which no doubt frequently corresponded to smaller amoun s 
roid than generally used for analysis, he extracts the ^^jog^the 

portions representing only one-tenth of his sample, attempt 

estimation of considerably less iodine than most f the 

To do this he has adopted colorimetric standards of ab , 

usual strength, but with such small amounts of b 

so much m the colorimetric estimation as m the ^ dopt^d 

immiscible solvent These attempted L^asso^ar experi^^^^ 

are probably the cause of themost of the difficulties terms 

with the Baumann method The figures he for 

of milligrams iodine per gram of fresh gland, or the sa p 


I Riggs loc cit 

^Joiirn Ainer Chem Soc , wxi, p 13 S 
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anaU ais, but since the weights of the gland or sample are not given for an' 
analj sis, the actual quantities of iodine upon which he bases his conclusion 
in regard to the need of the reduction process can not be calculated 

There is no direct vraj to proi e the presence or absence of lodate 
m the melt obtained by the Baumann fusion of tbjToid, since 
too many mterfenng substances are present There is, hotveter, 
some apparentlj' very good endence against its production Thus, 
during the combustion of the orgamc material of the sample a 
large quantity of o'^’'gen is necessanlj required that all of this 
does not come from the air is shoum b> the active reduction of 
much of the mtrate to nitrite Now, if the nitrate is so actively 
reduced, "why should not the lodate, if present at sU, be simul- 
taneously reduced to iodide"’ In fact a number of experiments 
quoted bj me,‘ demonstrate that lodate itself juelds all its iodine 
when mixed with orgamc material and analyzed by the Baumann 
method There are a number of circumstances other than the 
doubtful production of lodate which might possibly explain the 
irregular results obtained by Riggs The one I suggested in mj 
previous paper still appears to me to be the most plausible, e\ en 
in spite of Riggs’ later communication which is hardly more 
than an additional amount of exactlj the same kmd of evidence 
as that already presented Perhaps the real difficulty is after all 
the result of his efforts to increase the delicacy of the Baumann 
method bejond its hmitations, this appears most probable smce 
in so far as it is possible to ascertain from his results, his greatest 
variations are obtained with the smallest actual quantities of 
iodine 

Riggs and Beebe state that thej have, by the use of the reduc- 
tion process, frequently found lodme m glands which they would 
otherwise have considered “lodine-free,” and they question the 
conclusions drawn from experiments with “ lodme-free” glands 
I ha\ e exammed a great number and x anetv of thjTroids and have 
never failed to find lodme except m tuo samples of thjToid, one 
from children, and the other from the aoudad, glands upon which 
Riggs makes no report The frequent failure of these authors to 
find iodine by the ordmarj' method suggests that they have not 
used the Baumann method proper^*, as witness for instance their 

'aeidell Journ -Imcr Chem Soc , xsxi, p 1323 
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•ulopfion of consicleiably A\caker coloriinctric standards and choice 
of aliquot portions, representing quantities of thjToid from which 
it nould not be expected that appreciable amounts of iodine could 
be obtained As Hunt and I explicitly stated* ne used the term 
“lodinc-frcc” onh in the sense in nhich Baumann and many other 
MTiters ha^c used it, and fiom which many drew the conclusion 
(nlnch no ■were opposing) that lodme is an unimportant or acci 
dental constituent of the gland, that is, as we stated, we called the 
tlnnoid “lodinc-frec” wlicn one or two grams tested by the Bau- 
mann method failed to gne eicn a qualitative test for iodine 
Wc stated that by' using larger amounts of matenal and special 
methods, iodine can be found m practically all organic matter, 
and recognized that the question whether the actmty' of the lo 
dme-frcc” thyroid was due to the traces of lodme which could e 
found by’ these special methods could not be defimtely answere 
Since, how'ever, thyTOid of this character had only about t e 
activity'’ of certain other organs of internal secretion, the prostate or 
example, (with the actmtyof which iodine has not been thong 
to be associated), and since the activity of thyroid increased grea j 
and progressively'' with its iodine content, we thought it pro a e 
that this thyToid had a low degree of activity aside from the tracK 

of iodine present This question, wdneh can evident!)’’ not ® 

nitely’’ answered, is scarcely’ w'orth the emphasis which as ee 
placed upon it, it is evident that the conclusions drawn 
ber of writers that iodine is not an important constituent o 
gland (and this was the question of most interest to us), is « 
tenable w’hichever standpoint is held 


It was perhaps an oversight on my part not to e\plain in nij 
exactly how my fusions are made Descriptions of the prmcip e ^ 
Baumann method haic been given so often, however, that I 
unnecessary , especially since I speciHed the most essential , qjc 

be observ ed, viz , the obtaining of a clear tranquil melt, and 
none of my results give cadence of irregularities due to godium 

a clear melt, I use a fusion mivture composed of 5 parts by " ^ignt 
hydroxide to 1 part of potassium nitrate, both finely pov derc 
oughly mixed Of this mixture there are used 6 to 7 grams ^ 

sample, although a considerably larger P-P°f to "eld a 

after stirring the dry materials together, enough distilled u ater to y ^ 


1 Bulletin 47, Hygienic Laboratorjx U S Public Health and Marine Hos 
pital Service, 1907 
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rither thin paste is added and the stirnng continued The fusion is con- 
ducted lerj slowly and a few pinches of potassium nitrate are usuallj 
thrown m at the end to destroj any particles of unbumed carbon Nickel 
crucibles were used in all cases 

In the paper by Hunter, describing his nav, \olumetnc method, 
there are given comparatii e results upon tvro samples of sheep 
thjTOid m v.hich the iodine had been pretnously determmed by 
me by the Baumann process These results shovred satisfactory 
agreement m one case and not m the other I have smce made 
redetermmations on these tvo samples and practically all others 
on hand at our laboratory^ The results of Hunter were confirmed 
In regard to the Hunter method, the i ery admirable descnption 
of its various details was followed by me m practically every par- 
ticular, m fact, after a very' extensive expenencenithit, I am un- 
able to offer a single essential improiement 

The determinations by' the Baumann method were made as fol- 
lows 

The melt obtamed bi the fusion as above described was dissolved m about 
100 CO of H.O, and the solution filtered into a separatory funnel, acidified 
with sulphuric acid (1 volume of H SO 4 d 1 84 to 1 volume H.O), which 
was added very gradually until a piece of htmus paper fioatmg m the liquid 
just turned red An additional 10 cc of the sulphuric acid added, 10 cc 
of CCh then introduced and the mixture carefully shaken, 1C drops of 1 per 
cent NaNO solution then added and the shaking contmued at mtervals 
for sev eral mmutes Enough of the CCli lay er was filtered mto a cup of a 
Duboscq colorimeter to about half fill it, and the intensity of the pink color 
compared with that of a standardized aqueous Fuchsme S solution prepared 
as already described bv me,^ to correspond m intensity of pink color to that 
of 1 0 mg iodine dissolved m 10 cc CCl, ’ About 10 readings were usually 
made and the average of them all taken If the sample contained much 
more than 0 1 pet cent of iodine, either a smaller quantitv than 1 0 gram was 
used for the determination, or a larger quantity than 10 cc of CClj was used 
to extract the liberated iodine 

In table I, are giv en the comparative results obtamed upon 
commercial desiccated thyToids and samples prepared m the lab- 
oratory' from thyroids obtained from different sources Samples 


‘Seidell This Journal, ui, p 391, 1907 

• It should be mentioned m this connection that a restandardization of 
my Fuchsme S solution showed that it had not changed appreciably m in- 
tensitv or shade of pink color dunng more than one and one-half years 
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TABLE I 

Coiiijmratttc RcsxtUs of the Determination of lodincin Desiccated Tkyroids, 
by the Jluntcr and Baumann Methods 


svMrn NO 


TJIli/OID OF 


PEH CEMlODINEBTilETHODOt 


1 

Baumaun 

I Hunter 


' SIicop (P D A. Co) 

1 0 179 

1 ■ 

0 1S5 


Sheep (P D A Co ) 

! 0 176 

0 1S5 

100 

Sheep (P D A Co ) 

j 0 170 

0 18S 

101 

1 SIiccp (P D A Co ) 

/ 0 063 1 
\ (0 103)/ 

0 153 

102 

Sheep (P D A Co ) 

0 125 

0 162 

103 

Sheep (P D A Co ) 

0 102 

0 219 

101 

Sheep (Armour A Co ) 

0 106 

0 13S 

10') 

, Sheep (P D A Co ) 

0 110 

0 120 

lOG 

SJieep (P D A Co ) 

0 196 

0 218 

lOG(b) 

' Sheep (P D A Co ) 

0 210 

0 212 

107 

' Slieep (Armour A Co ) 

0 130 

0 145 

lOS 

' Sheep (Armour A Co ) 

0 125 

0 134 

109 

Sheep (Armour A Co ) 

0 130 

0 141 

109(a) 

I Sheep (Armour A Co ) 

0 110 

0 142 

114 

, Beef (Armour A Co ) 

1 0 260 

0 2S3 

115 

j Hog (Armour A Co ) 

1 0 330 

0 422 

116 

1 Sheep (P D A Co ) 

0 11 

0 118 

117 

Sheep (P D & Co) 

0 11 

0 117 

IIS 

Sheep (P D A Co ) 

0 12 

0 15S 

119 

Sheep (Armour A Co ) j 

0 11 

0 135 

120 

Sheep (Armour A Co ) j 

0 10 

0 129 

121 

Sheep (Aimour & Co) j 

' on , 

0 140 

130(a) 

Sheep ( Armour A Co ) | 

0 043 

0 056 

130(b) 

Sheep (Armour A Co ) | 

0 046 

0 04S 

131(b) 

Sheep (B TV ACo ) 1 

0 099 

0 112 

132 

Sheep (P D A Co ) 

0 054 

0 062 

132(a) 

' Sheep (P D A Co ) 

0 027 

0 032 

143 (2nd) 

! “ThjTaden” (Knoll) 

0 085 

0 100 

345 

Sheep (Armou A Co ) 

0 249 

0 279 

346 

Sheep (Armour A Co ) 

0 083 

0 095 

347 

Sheep (Armour A Co ) 

0 192 

0 212 

348 

Sheep (Armour A Co ) 

0 140 

0 162 

349 

Sheep (Armour A Co ) 

0 155 

0 146 

350 

Sheep (Armour A Co ) j 

0 244 

0 271 

351 1 

Sheep (Armour A Co ) 

0 1S6 j 

0 202 

352 

Sheep (Armour A Co ) 

0 209 I 

0 231 

353 1 

1 

Sheep (Armour A Co ) | 

0 197 

0 215 


Samples No I30(a} to 132(a) are comraerc/aJ fhjToId tablet’^ 
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TABUB I Conlloucd 



1. 

1 

pen CENT lOPINi; BT METHOD OT 

BA-MPLE no 

■nrnioiP or j' 


HutiUr 

354 

_ - - 1 
Sheep (A-xinour Co ) j 

0 147 

0 144 

355 

Sheep (Armour A. Co ) ! 

0 252 

0 252 

356 

Sheep ( Armour -A. Co ) 

0 19S 

J 0 13 \ 

0 219 

Ser I, ’07 

^ Dog 

1\ (0 176) ; 

0 218 

Sex lY, '07 

Dog 

0 15 

0 175 

Sex V, '07 

Dog 

0 30 

0 358 

Sex 6, ’OS 

Dog 

0 21 

0 277 

Sex 7, ’OS 

Dog 

0 10 

0 131 

Ser 8, ’OS 

Dog 

1 0 12 

0 166 

23S07 

Human 

0 26 

0 329 

23785 

Human 

0 45 

J 0 23 1 

1 (0 3S4) ! 

0 588 

23821 

Human 

0 430 

23927 

Human 

0 05 

0 051 


99 and 121 are the tno of -which portions were analyzed by 
Hunter The determinations by the Baumann method -were, 
with the exception of those for samples 345-356, made two 
jears or more ago In some cases the older determmations gave 
results unaccountabb lo-w, but m practically every one of these 
cases subsequent detemunations (given m parentheses), show 
higher i alues more nearly m accord -with the results by the Hunter 
method It will be noted that the Baumann method gives results 
which varj’- from about 80 to 95 per cent of those obtained bj the 
Hunter method, about two-fifths being approximately SO per cent 
and three-fifths 90 per cent or more, of the latter results This is 
a somewhat greater Aariation than permissible in check deter- 
mmations upon the same sample, and indicates that the Baumann 
method does reallj give low results 
In order to obtain more information upon this pomt, and at 
the same time to test further the hjqiothesis of Riggs that the 
low results are due to production of lodate from which the iodine 
can be again recoa ered by the reduction process rath the aid of 
Dcaarda’s alloy, the followmg experiment was made It should 
first be mentioned, honexer, that it appeared unnecessary to make 
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furtbei cxiieunicnts upon the recovery of iodine from the acid 
aqueous solution remaining from tlie Baumann determination, 
since a number of recent attempts to recover iodine from them 
confirmed entuely the negative results already published by me* 
It ivas therefore decided to modify the procedure by introducing 
the reduction step (with Dc\aida's alloy) before the extraction 
with CCli, and compaic the lesults mth those obtained upon ali- 
quot poitions of the same solutions not previously reduced with 
Devaida’s allo}’’ 

Those samples shown in table I, which gave tbe greatest varia- 
tions by the two methods, were used for the determinations In 
each case the fusion wms made by the Baumann method, usmg 
however, someivhat larger amounts of sample and fusion mixture 
than usual, viz , 1 5 to 2 0 grams of sample and 12 to 20 grams of 
the fusionmixture composed offive parts NaOH and onepartllNOj 
The melts w'ere dissolved in water and the solution diluted to 200 
cc m every'’ case Of these solutions, 50 cc portions were ivith- 
drawn foi the legular Hunter method, 75 cc for the Baumann 
colorimetric determination as described above, and tbe remainmg 
75 cc treated with 0 5 to 1 0 gram of Devarda’s alloy and aliened 
to stand 24 hours, after which time the iodine was detennmed by 
following exactly'’ the same details of the Baumann colorimetric 
method as used upon the 75 cc of solution not pre’viously reduced 
wuth the Devarda’s alloy The results are given in table II For 
the sake of comparison the previous results on these same samples 
shown in table I, are also given in parentheses 

In this table it xvill be seen that the Baumann method still gives 
results below those obtained by the Hunter method, and since 
the solutions were the same in both cases it must be assumed that 
the low results by the Baumann method are due to incomplete 
recovery of the iodine w'’hich had been converted to the wnter- 
soluble condition That the lower results can not be due to lodate 
IS showm by the similarly low results obtained in the solutions 
which had been subjected to the reduction process wnth Devarda s 
alloy Attention should be called to the very close agreement 
between the duplicate determinations made by’’ the Hunter method 
in contradistinction to the variation m the two sets of results by 


i/owrn A?72er Chem jSoc,xxxj, p 1326,1909 
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TABLE n 


Companion of the Hunter, Baumann and Baumann Reduction (Owarda’s 
Alloy') Methods on Aliquot Portions of the Aqueous Solution of the 1 Iclt 
obtained by Fusion of the Sample of Thyroid leith the Baumann Fusion 
Mixture (5 NaOH 1 EIsOj) 


SAifPLE ^0 

1 

t 

1 IfJ 

1- i£ w 

i 

% t= 

PEE CENT IODINE POCND BE 

) 1 
Hunter volumetric i Baumann colorf- 
i method metric method 

1 i i 

Baumann 
Cwith re- 
duction) 
olorlmetric 
me bod 

Dned Beef and 0 1 perj 

\ 

i 


1 ! 



cent I j 

2 0 , 

14 0 094 

0 0S5 1 

not det 

Dog thyroid no 23 j 

1 0 ! 

e 

i 0 242 

0 250 

not det 

Dog thyroid no 23 1 

1 0 

12 0 263 

0 260 

not det 

Dog thyroid no 23 

10 ' 

18 0 278 

0 244 1 

not det 

Sheep thyroids no 101 

15 1 

12 0 155 (0 153) » 1 

0 103 j 

0 105 

Sheep thyroids no 102 

; 2 0 i 20 , 0 m (0 162) . 

0 124 (0 125) 1 

0 110 


1 


1 , 


(sjight 




, 1 

1 

1 loss) 

Sheen thyroids no 109 


1 1 



(a) 

1 15 

12 0 139 (0 142) 

0 139 (0 110) 

0 129 

Sheep thyroids no 118 

1 15i 

12 0 157 (0 158) 

0 154 (0 12) 

0 141 

Sheep thyroids no 119 

120 , 

20 0 139 (0 135) 

0 105 (0 11) 

0 113 

Sheep thyroids no 120 

1 2 0 

20_ 0 132 (0 129) 1 

1 0 lOS (0 10) 

0 099 

Sheep thyroids no 121 

1 15 

12 0 145 (0 140) 

1 0 12 s (0 11 ) 

0 122 

Dog thjTOids 1 , '07 

1 1 0 1 

! 10 0 209 (0 218) 

1 0 176 (0 13) 

0 166 

Dog thyroids yn, 'OS 

I 2 0 

20, 0 131 (0 131) 

0 093 (0 10) 

0 102 

Dog thyroids 8 , 'OS 

1 

12 0 171 (0 166) 

0 15/ (0 12) 

0 152 

Human thyroids 237SS 

i 0 5 

10 0 oSl (0 5SS) 

0 532 (0 45) 

0 551 

Human thyroids 23S07 

■ 10 ': 

10, 0 370 (0 329) 

( 0 296 (0 26) 

0 299 

Human thjroids 23821 

. j 0 5 

1 10^ 0 496 (0 430) 

1 0 384 CO 23) 

0 387 


Kesults In parentheses taken from Table L 


the Baumann method In the case of the latter, hon'ever, it must 
be remembered that the first set of the dupheate detemunations 
■were made t'wo and m some cases four j'ears ago durmg mj earher 
e'^penence rvith the Baumann method, also that m the later deter- 
mmations larger absolute amounts of fusion mixture ■were used 
and aliquot portions instead of the whole of the aqueous solutions 
of the melt were emplojed 

A few determinations of which those upon the dog thjToid no 
23, shown m table II, are e-<:amples, seem to show that with both 


104 


Iodine in Thyroid 


the Ilunicr and Baumann methods an increase id tlierelatnepro- 
poition of fusion mixture gives higher values for iodine conteni 
Tlic experience gamed so fai aiipears to indicate that the propor- 
tion of fusion mixture suggested by Hunter, ^nz , 20 grams per 
gram of sample, is the most satisfactory'' amount to use 
Attempts to ascertain to ivliat particular detail of the Baumann 
method the low results could be ascribed, were unsuccessful The 
occuirencc of low results is so irregular that all e'q)enmentsm\ol\- 
ing the control of particulai steps of the method have failed lo 
locate the somce of the trouble As a general thing, hoiveier, it 
may be said that plenty of fusion mix-ture should be used, but care 
taken not to hax e too great an excess of nitrate present, otherwise 
the large amount of nitrite winch will be produced, causes the 
liberation of sufficient nitrous acid to modify the tint of the CCh 
solution of the lochne Apparently the most critical step of fhe 
process from the standpoint of loss of iodine is the acidification of 
the solution before shaking out mth CCb The C0» which is 
evolved must certainly’’ carry along a portion of the free iodine 
which is liberated at the same tune In fact, Hunter expenenced 
this difficulty,* and it ivas only'' after adopting the plan of pronding 
an excess of chlorine (which also remoA’'ed the nitrite), at the time 
of acidification, that he was able to obtain satisfactorily^ agreeing 
results The success of Hunter’s method is undoubtedly due 
more to this point than to any’’ other improvement he has made 
If a similar dei’ice could be apphed to the Baumann method, the 
gieatest source of error would probably be eliminated 


THE IODINE CONTENT OF DOG THITIOIDS 

As mentioned m the opemng paragraph of this paper, an experi- 
ment was planned with the object of ascertaimng if there is a 
seasonal variation in the lodme content of dogs’ thyTOid Although 
the results of the experiment have not been conclusive on account 
of the relatively small number of dogs’ thyroids available, a brief 
description of the work will be given 

In table III are presented the details of the results upon the 
first series of samples of thyroids which were obtained About 
one-half of the dogs were fox terriers, while curs, bulls, pug^, 


‘Hunter loc nt , p 330 
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Showing the Iodine Content of Sampler of Thyroid obtained from Dog^ 
killed at the Washington Dog Pound Senes 1 


SO or 

SilCPLS 

d^teobtukeo 1 
1910 

\ 

j ^o or I 

1 i 

CLA>DS 

WEIGHT 

CH.11IS } 

lODINFI 
’ DRT 

1 fiUfPU- 

1 1 

, Fresh 

Dr- 

1 

Jan 

17 

1 12 

7 444 

1 807 

25 1 j 

0 150 

0 

Feb 

2 

i 10 

7 155 ^ 

1 654 1 

23 1 

0 078 

3 

Mar 

3 

22 

20 772 

4 943 

23 8 

0 119 

4 

Mar 

14 

’ 26 

23 6o0 

6 05S 

25 6 

0 139 

0 

Mar 

30 

' IS 

IS 25 

4 952 

27 1 1 

0 202 

6 

Apr 

15 

' 18 

. 11 402 

3 231 

28 3 ' 

0 260 

7 

Maj 

2 

, 32 

30 724 ‘ 

8 123 

25 4 

0 184 

8 

June 

2 

20 

,19 422 , 

4 73S 

24 4 

0 206 

9 

l June 

16 

16 

[ 17 2S9 

4 183 

, 24 2 

0 202 

10 

1 Julj 

1 

' 20 

17 764 

4 309 

24 2 

0 125 

11 

Julj 

15 

18 

' 26 278 ' 

6 391 

1 24 3 

0 158 

12 

Aug 

2 

12 

16 300 

4 361 

26 7 1 

; 0 154 

13 

Aug 

16 

16 

10 192 

1 2 621 

25 7 

0 202 

14 

Sept 

1 

18 

14 507 

1 3 249 

22 4 

0 103 

15 

Sept 

16 

12 

13 389 

; 2 9S8 

22 3 

0 093 

IG 

Oct 

1 

16 

12 565 

3 119 

24 8 

0 198 

17 

Oct 

17 

12 

6 720 

’ 1 514 

22 6 

0 117 

18 

Nov 

3 

12 

1 12 540 

1 2 94S 

23 5 

0 077 

19 

Nov 

18 

. 20 

17 244 

i 4 223 

24 5 

0 lOS 

20 

Dec 

1 

12 

11 4S2 

, 2 804 

24 4 

0 181 

21 

Dec 

17 

14 

8 777 

; 2 178 

24 8 

0 104 

22 

Jan 3,1911 16 

‘ 12 838 

1 3 274 

25 5 

0 117 


poodles, hounds, and nuxed breeds, formed the remainder The 
dogs uere killed at the pound m a carbon mono’ade fume box 
and the th3’T0ids remor ed immediately thereafter The glands 
composmg a gi\en sample were m everj case first cleaned 
b^ cuttmg away adhenng tissue, etc , and then weighed as 
promptly as possible on counterpoised weighmg glasses Thej 
were then chopped fine with scissors and placed m a vacuum desic- 
cator contaimng concentrated HiSO^ The drj mg was practicalh 
complete m two to three dajs, after which time, the residues were 
weighed and the percentage of drj weight calculated The mate- 
rial was then ground in a mortar, sifted through a no 60 aeve 
and thoToughlj mixed before being placed m the sample bottle 
When all of the samples had been obtamed, thev were placed in a 
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single largo \ acuum desiccatoi and dried to constant weight as 
dotcrinincd In weighing from time to time, one of the samples 
coutaiucd m a neighing bottle This loss during final drnng 
•iinoimtcd to about 5 per cent, but is not to be deducted from the 
dry n eight of the sample shown in the table, because part of this 
moisture n as no doubt absorbed during the grinding and sifting 
of the samples TJic determination of the iodine in the twent}- 
tn o samples n as made by the Hunter method, using 1 gram of 
sample and 20 grams of fusion mixture in every case The per 
rents of lodmc found show the greatest possible irregularity, and 
c\ cu n hen plotted on cross-section paper give no indication of a 
consistent seasonal variation They inchoate that the indi\ndual 
^'anatlons of percentage of iodine in the thjToid of dogs must 
be c\ccedmgl 3 ’’ great, and it therefore appeared of interest to ana- 
lyze mdividuallj" the thjrroids taken from a number of dogs 
A second senes of samples Avere therefore obtained, prepared and 
analyzed as m the case of the first senes The results are given 
in table IV 

TABLE IV 


Showing the Iodine Content of Thyroids obtained front Dogs killed at Ihe 
Washington Dog Pound Senes 3 


^0 OF 
SARrpLE 

DVTF OBTAINED 

1911 

KO OF 

BIKOLG 

GLAKDS 

WEIGHT IV OnA.MS 

I 

PER CEVT 
DRT 

height 

percevt 

ZOPINEIV 

PRT 

SiUrLC 

Fresh 

Do 

23 

Jan 

28 

IS 

27 S3 

8 145 

29 4 

0 275 





(low) 




24 

Jan 

30 

2 

2 02 

0 446 

22 0 

0 096 

25 

Jan 

30 

2 

2 50 

0 533 

21 3 

0 058 

26 

Jan 

30 

2 

1 325 

0 247 

IS 7 

0 038 

37 

o'ln 

30 

2 

1 04 

0 25 

24 0 

0 202 

28 

Jan 

30 

2 

0 57 

0 129 

22 6 

0 166 

29 

Jan 

30 

2 

3 82 

0 841 

22 0 

0 036 

30 , 

Jan 

30 

2 

0 93 

0 225 

24 2 

0 271 

31 

Feb 

1 

20 

17 910 

4 460 

24 9 

0 132 

32 

Feb 

3 

14 

19 28 

4 435 

23 0 

0 082 

33 

Feb 

10 

20 

19 57 

4 819 

24 6 

0 182 

34 

Mar 

3 

20 

12 46 

3 448 

27 6 

0 246 


As was expected, this senes showed even, wider vanations than 
the preceding one, which represents averages of larger numbers 
of thjTOids On the other hand, the mdmdual variations were 
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found to be considerablj^ greater than anticipated Thus, of the 
seven dogs of which the thyroids were analyzed separately (nos 
24-30), all were terriers or curs and with one exception (no 25), 
weighed between about 15 and 20 pounds each, ne\erthelcss the 
percentage of iodine varied from 0 036 to 0 2< 1 Of the causes 
nhich may account for this wide \ariation among individual dogs, 
the diet IS probably of greatestimportance,thenfollowssuchfactors 
as age, breed, health, habits, etc 

It may be concluded that if there is a seasonal a ariation in the 
iodine content of the thyToids of dogs, the mdirudual a anations 
under ordmary conditions are far too great to permit its detection 
by analy ses of the collected glands from a reasonable number of 
dogs, moreover, the possibihty^ of sufficiently controlling the con- 
ditions to be able to detect a seasonal \ anation, appears doubtful 

THE IODINE CONTENT OF SHEEP THTROIDS 

In regard to the obserration upon sheep made by Koch* it is 
noten orthy that he has so far never published the data upon which 
his obsenmtion was based It is of course quite probable that 
the mdividual A'anation with sheep such as reach the large slaugh- 
tenng houses, is considerably less than with dogs, and furthermore 
the available number of glands upon which his aimrages nere 
based are sufficiently^ great to dimimsh the mdividual variations 
to a nnnimum It is entirely possible therefore that Koch’s 
obseriation is well founded and not the result of an accidental 
circumstance Confirmatory evidence will certamly^ be necessary, 
howeier, before the pomt can be considered as established In 
this connection some recently published analyses by-- Simpson and 
Hunter^ should be mentioned These authors found the fresh 
u eights of the thyvoids of 10 sheep to \ ary from 1 6 to 24 7 grams, 
and the percentage of iodine in the dned samples from 0 048 to 
0 383, thus a somewhat wider vanation than found by me for the 
seien dogs reported in table IV 

Recently we obtained through the kmdness of the firms of 
Armour and Company, and Parke, DaAus and Company, repre- 
sentatne samples of the seieral lots of their desiccated ThyToid 

•Loc cil 

Simpson and Hunter Quart Joum Exp Physiol, 126,1910 
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U S P , picpaied by tliem at various dates during the pastjear 
aufi a half These samples ■\\erc sent particularly for use mtEe 
vorlv upon the standards foi the next edition of the U S P,butm 
ro]ih to our s]-)ooiaI inquiiy conoerninp the dates, source of the 
m iteiial, and details ol thcpieparatiou of the glands, uehatebeen 
en iblcd to ])roscnt additional data upon the question of the seasonal 
variation m the iodine content of sheep thjToids The results are 
gi\ on m the following table 


TVBLE V 


Showing the Iodine Content of Desiccated Sheep Thyroids Prepared hj tico 
American Firms af Various Dates of the Years 1909 to 1911 


t ^.!^On\T01l\ NO 

, D\TI 8T\.MI1.D ON 

PEn CENT 


or SAMPLr 

nOTTLE 

1 

lODIVF FOUND 


345 

J 

1 Dec 16, 

1909 

0 279 


34G 

j Jnn 23, 

1910 

0 095 j 


347 

' Feb 15, 

1910 

0 212 


34S 

' Apr , 

1910 

0 162 


349 

I May, 

1910 

0 146 


350 

June, 

1910 

0 271 

i Armour and Companj 

351 

July, 

1910 

0 202 

352 

Aug, 

1910 

0 231 


353 

Sept , 

1910 

0 215 


354 

Oct , 

1910 

0 144 


355 

' Nov , 

1910 

0 252 


356 

Jan 16, 

1911 

0 219 


358 

Winter 1910-11* 

0 206 

Parke, Davis and Com 

359 

Winter 1910-11* 

0 206 

360 

Winter 1910-11* 

0 154 

1 pany 

361 

Winter 1910-11* 

0 214 J 

I 


•From statement In letter of Maj 4 1911 to the cIToct that the samples represent lots pre* 


pared during the p ist fen months ’ 


Accordmg to the information furnished, the thyroid samples 
(table V), represent selected glands from which abnormally large 
or small ones were removed The uncertain part about them is 
that the glands from both sheep and lambs were used, and t is 
one fact is enough to explam the very marked seasonal irregularitj 
shown m the table Although these i esults do not dispi ovc Koc i s 
statement, they indicate that unless he exercised particular care 
to have only the glands from sheep m his average lots, his resu s 
must have been due to an accidental regularity 



THE EREPSINS OF GLOMERELLA RUFOMACULANS 
AND SPHAEROPSIS MALORIJM ‘ 

Bt H S reed H S ST\HL 

(Recei\ed for publication, June 25, 1911 ) 

Since the disco\ erj of erepsins m the intestinal mucosa of ani- 
mals bj Colmheim- and their presence m ^ anous plant tissues bj 
Vines’ those enzjTnes ha\e not been ividelj studied m plants 
In the few fungi which ha\e been examined erepsins ha\e been 
reported Vines reported them in Agancus campeslns and in 
jeast Bourquelot' reported a protease m Aspergillus and Pen- 
icilhum, which, while not identified as such, was probablj erepsin 
and Dox’ demonstrated erepsin in Pemcillium camemberii 
While the presence of erepsin has thus been demonstrated m a 
number of saproph}!^ fungi, it is behei ed that its presence has 
not prenouslj been demonstrated in parasitic fungi The results 
set forth in this note form a part of a piece of work on the relation 
of certain parasitic fungi on their host plants, and were obtained 
from pure cultures of two fungi which infest the apple An addi- 
tional point of interest lies in the fact that Vmes found that the pulp 
of the apple contains neither trjiism nor erepsm, although the 
skin of the apple contains erepsm 
The first tests were made by cultivating the desired fungus for 
two months on Dunham’s solution (contains 1 per cent peptone) 
and exarmnmg it for trj-ptophane 

* Paper No 13 from the Laboratorj of Plant Pathologj , Virginia \gri- 
cuUural Experiment Station, Blacksburg, Va 

■ Cohnheim Zeitschr f physiol Chem , xxmi, p 451, 1901 
’ Vines ^nn of Bol , xwi, p 1, 1902, xvii, pp 237 and 597, 1903, vrai, 
p 289, 1904 

‘ Bourquelot Compl rend soc bwl , xl\ , p 653, 1S93 

* Dox Bulletin 120, Bureau of Animal Industrv, U S Department of 
Agriculture, 1910 
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Tlic fungi were gro\TO m 200 cc Erlenmeyer flasks each con- 
taining 75 cc of fraclionallj^ sterilized Dunham’s solution After 
inoculation tlie flasks were kept at a temperature of 24° C in the 
incubator At first the fungi grew slowly but eventually the 
inycohum formed a compact mat which entirel}'’ covered the sur 
face of the liquid and produced spores At the end of tno months 
the liquid in the cultures of Glomerclla was amber 

colored It n as filtered through paper and 10 cc samples taken 
in test tubes Each wms acidified with dilute acetic acid and bro 
mine w ater added drop by drop Tins caused the development of 
a deep violet color, which is regarded as a rehable test for tr'\p- 
lopbane The test was distinct in all samples although somewhat 
obscured by the amber color of the solution The experiments as 
duiihcated using two months old cultures of Sphaeropsis imlonwi 
■which had been cultivated in the same way on Dunham's solution 
Ten cubic centimeter samples were dranm into test tubes and 
received a few drops of acetic acid and bromine water The 
filtered cultuie was nearly'’ colorless and the deep wolet color sas 
■v'ery^ distinct Control flasks of Dunham’s solution of the same 
age as the cultures gave no try'ptophane test 

The formation of this tryptophane fi om peptone by the growing 
fungus in pure culture is interpreted as e'Vidence of the presence 
of erepsin in the fungus 

Supplementing the action of the erepsm-contaimng solutions 
upon peptone, studies were also made on the po'wer of the 
intracellular enzjnnes of the fungi to liquefy gelatin In 
studies the fungus culture media were filtered from the mats o 
mycelium After brief washing on the filters, the material was 
transferred to a porcelain mortar and ground wth sand t ^ 
mass was extracted six hours ■with toluol water and filteied T ® 
filtrate was placed in contact mth gelatin, and at the same 
time an extract of cabbage was prepared and used in the same 
way ^ Melted 7 per cent gelatin was placed m test tubes \ 
cc m each tube) and received 3 cc , 5 cc , 10 cc , and 20 cc , 
respectively, of the extracts of cabbage, Glomerella, and Sphac- 
ropsis The tubes were held at 40° C for four hours and t cu 

1 For accounts of the ereptic activity of cabbage vide Dean Bot Ga^edc, 
\x\i\, p 321, 1905, and Blood this Journal, vw, p 215, 1910 
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cooled The gelatin m e^erj case failed to harden This was 
rather inconclusive on account of the large amounts of extracts 
used The experiment was repeated, usmg smaller amounts of the 
extracts, and 2 cc of 7 per cent gelatin m each tube The diges- 
tion was earned on eighteen hours at 40 C with thymol as anti- 
septic 


Digcshon of gelatin by extracts of cabbage, Glomerella, and Sphaeropsis, 

after 18 hours 


I 

juiolWT ori 
ExrB.4cr 1 
A.DDXD 

CASBVGC rXTRACT 

1 

1 gu)mi:reu-a rTTB^cr | 

SPHAtBOPSlS EITRaCT 

1- 

cc 

0 3 1 

Solid 

1 

Sohd j 

Partiall 3 hquefied 

0 5 ' 

Sobd 

1 Sohd 

One-third hquefied 

1 0 

Shghtlj hquefied 

1 Shghtly hquefied 

I One-half hquefied 

2 0 ' 

One-half hquefied 

1 Largelj hquefied ' 

1 LargeK hquefied 


These results show that the extracts of the mj ceha of the two 
fungi emploj ed were as capable of hquefvmg gelatm as the cabbage 
extract The results are, howeier, to be regarded as purely qual- 
itative and do not permit of mtercompanson of the different 
extracts Interest also attaches itself to the fact that erepsm was 
shown by Dean‘ to be pnncipallj if not entire^ a metabohe en- 
zyme rather than a digestive enzyme 
The action of the fimgus erepsm on casern was similarlj studied 
and found to act positivelj 

A two months old culture of Glomerella nifomaculans on Fermi’s 
solution^ was removed and washed with a stream of distilled water 
The fungus mjeehum was ground m a porcelam mortar, 
extracted fifteen hours with toluol water and filtered through filter 
paper The filtrate gave no test for triiitophane Two grams of 
casein i\ as dissolved m 15 cc of ^ NaOH, diluted up to 60 cc and 
filtered mto a small flask Fifteen cubic centimeters of the fungus 
extract were added to this and the flask meubated at 40° C with tol- 

* Dean loc cit 

This solution contained distilled water, 1000 cc , magnesium sulphate, 
0 2 gram, acid potassium phosphate 1 0 gram, ammonium phosphate 10 0 
grams, ghcerol, 45 grams ’ 
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uol jircsont At the end of eighteen liours a marked tr)T)topliane 
reaction -was obtained Tlie experiment was repeated using 20 
cc of the fungus extract and incubating it for twenty-four hours 
A very strong test for tr 3 'ptophane was then obtained 
Tlie fungus extract was not able however to produce ti^ptophane 
from protein A solution of 0 2 gram of "protem” (Eimer and 
Amend) was made in 10 cc of NaOH and diluted to 50 cc in 
an Ericnmoycr flask Ten cubic centimeters of Glomerella extract 
filtered through paper n ere added wnth toluol and incubated at 
40° C for tw'entj’’-four hours No test for tryptophane could be 
obtained 
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A SUGGESTION AS TO THE CAUSE OF DOMINANT AND RECESSIVE 

WHITES 


Bt ROSS AIKEN GOETNER 

{From the Biochemical Lahoratory of the Station for Experimental Evolu- 
tion, The Carnegie Institution of TTashington ) 

(Received for publication, July 11, 1911 ) 


nsTRODUCnON 

The problem An interesting biochemical problem is found 
in the studj" of the two kmds of white plumage and hair color- 
ation which occur m the animal kmgdom, and m the two forms 
of white which occur among the flowers One form is common 
to all albinos and is uniformly recessive, t e , when crossed with 
a \anety carrymg color, all of the first generation ofi'spnng are 
colored The other form of white, however, differs from the 
albimc white m grnng white offspnng m the first generation i\hen 
mated with color This form is known as a donunant white 
IFe have, therefore, the fad that there are two forms of white, indis- 
tinguishable to the eye, and in so far as my chemical work has gone, 
indistinguishable to the chemist Breeding experiments, however, 
show that these whites are exact opposites That the difference 
between these whites must be comparatively slight is shown 
by the fact that there are a few instances known where a white 
IS donunant to one color and recessive to the same color m another 
instance, providing that the two color crosses come from different 
individuals, breeds, or vanelies For example. Dr Davenport 
has recently called to my' attention the behanor of a flock of 
white eves with nhich he has been conductmg breedmg expen- 

' Reported in part before the Biochemical Division of the American Chem- 
ical Soclet^ at the Summer Meetmg, Indianapolis, Indiana, June 2S- July 
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inont^' at this Station Tlic'^c ewes gave vlutc offspring one 
blade ram and behaved in over}' respect as dominant whites 
later, liovc\cr, a black ram of another breed produced black off 
bpnng vlicn mated wth these same ewes Similar instances are 
known among the plants While I do not claim to have proicn 
the chemical cause of the behavior of dominant and recessne 
w lutes, I have been able to find some data which mayapplj to the 
problem and w'liicli fuinish sufficient basis for a chemical explan- 
ation The chemical stud} is being continued in this laboraton 
IJisloncal The biochemical w'ork wdiich has been done on 
this problem is limited to a very few' papers, the biological features, 
however, ha\c been widely studied* Miss Durham^ obtained 
evidences of an oxadasc in the foetal skins of rabbits and gumea 
pigs of black or agouti origin She states that she is uncertain 
as to w hether or not t}TOsinase is present m the foetal skins of 
albinos but that there are indications that it is absent ho 
mention is made as to w'bether or not tests w'ere made with tie 
foetal sluns of dominant w'lutes Pearson® in his monograp on 
“Albinism m hlan” takes the view that pigments are the product 
of oxidase action and that the oxidase is probably lacking in a mo^^ 
Spiegler^ m 1904 announced that he had isolated a " w'hite melamn 
from W'hite horse hair and w'hite wool He makes no 
as to w'hether this material was of albinic origin or not, u e 
assumption is that it w'as of the dominant w'lnte variety, mas 
much as albinos are of rare occurrence among these 
Spiegler’s announcement interested biologists® m that 1 ® ^ 
a possible explanation for the tw'o forms of white, i c j ^ ° 
nent w'hite would be characterized by the presence ^ ^ ^ i 

melanin” while the recessive xvhite would be recessive owmg 
the entire lack of pigment Spiegler does not discuss this tea ' 

but in a later papei® he suggests that this IS a possi e exp a 


iln this connection sec Bateson Me72dcl’s Pnymplcs of Hercdilv, The 
University Pi ess, Cambridge, England, 1909 

= Durham Proc Roy Soc , l\xi\, p 310, 1904 4 tn Man, 

^Pearson, Nettleship and Usher A Monograph on 
Part I, Drapers Company Eesearch Memoirs, Biometric Series, , 

and Company, London, 1911 

^Spiegler Beiir z chem Phystol u P , ' . .jj, p 119, 

‘Riddle Bxol Bull,^vi,p 328,1909, Spillman Amor Nat,^h^,P 


1910 

‘Spiegler Batr z 


chem Phystol u Path , x, p 


253, 1907 
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bj sa 5 ^Ilg, "One can readilj’’ understand that nhite horce hair 
cannot be without pigment We know pigmentless hair, i e , 
albinos,^ these haie, apparently the natural color of the keratin 
modified by some special morphological condition These ques- 
tions need a more searchmg study ” 

In takmg up a study of the metan ins at this Station I repeated 
Spiegler’s work and have already reported some of mj results - 
I mil, however, include a summaiy of a portion of the work in 
this paper, masmuch as the ongmal article may not be readily 
accessible to chemists, and as it is from those results that I would 
reason 

ESn’ERniENTAIi 

Spiegler’s "white melanin ” In attempts to isolate this pro- 
duct, the keratin structure was boiled with sodium hi'drovide 
solution of known strength for four hours The mixture was then 
stramed through cheese cloth and poured mto cold water of 
sufficient quantity to at least double the lolume of the alkah 
emploj ed This solution was stronglj' acidified with hj drochlonc 
acid, throwing down a hght grey precipitate The supernatant 
liquid was decanted, the precipitate washed thoroughly bj decan- 
tation, dissolved m 0 2 per cent sodium hydroxide solution, fil- 
tered, precipitated, washed by decantation, and the process of 
solution and reprecipitation repeated The resultmg product 
nas dned on a water-bath, powdered, washed on a hardened filter 
mth hot nater, dned, extracted in a Soxhlet apparatus mth car- 
bon disulphide, alcohol and ether and dned at 105° The weights 
obtained are shown m Table 1 Numbers 1 to 3 inclusive are 
from dominant white matenal,and numbers 4 to 8 are from reces- 
siie material m the jMendehan sense of the term 
It can be readilj seen from this table that a “white melamn” 
does not exist m either 1 anety of white, but that there is obtamed 
from all forms of keratm, under the action of the alkab, a small 
amount of some substance which answers to the usual descnption 
of melanms, i e , is soluble m alkahes and insoluble m acids or 
neutral sol\ ents I hai e obtamed similar products m like melds 
from fibnn and other proteins so that there can be no doubt that 

'Mj Italics This statement of Spiegler s shows that his material was 
of the dominant white vnnetj 

’Gortner Amcr Kat , tIu, p 497. 1910, This Joumal, xiu, p 341 , 1910 
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TABLE 1 


^0 

BLnnTA^c^ 

W I lOHT 

rOLUMP 

ALKALI 

BTnEVQTn 

ALKALI 

"ilEUNT,” 

1 

FOUVD 

1 

While vool 

iirams 

500 

ce 

1G75 

percent 

10 

grams 

0 30 

ptTCtnt 

006 

2 

White vool* 

500 

1676 

10 

0 30 

006 

3 

White Leghorn 
fe itlicrs 

40 

200 

10 

0 09 ' 

019 

4 

WJutc rabbit 
hiur 1 

100 

350 I 

10 

1 

0 03 

003 

5 

"Silky” feathers 

110 

350 

10 

0 17 

0 15 

G 

“SIlk^ ” feathers 

105 

700 

5 

0 24 

0 22 

7 

"Silky” feathers 

95 

3000 

1 

0 16 

017 

S 

Black wool 

300 

1000 

10 

7 35 

2 45 

9 

Cows liorn 

40 

200 

10 

Lost before weigh 

1 

1 




mg, but present 
m appreciable 
amount 


’Hntl been prc% louslj dlRCStod at 40° for fortj -olEbt hours with n solution of 18 paiasot 
pepsin In 0 liters of 0 2 per cent hj drochloric ncid 


these substances do not belong to the true melanins It is pos- 
sible that thej'- are related to the "anti-albumid” of Chittenden 
and Albro ^ Indeed I have reasons for believing that most pro- 
teins contain a nucleus^ which, under the proper conditions, may 
give rise to pigments 

The anh-oxtdasc theory Havmg shonm that dominant whites 
do not contain a melanin which is lacking m the recessive whites, 
some other explanation must be sought for their different behanor 
Von Furth- has suggested that perhaps melamn is the product 
of an oxidase acting upon an oxidizable chromogen in the same 
maimer that a black, insoluble, pigment precipitate is produced 
by the action of a tyrosinase on a solution of tyrosine Accepting 
this theory, which has been proven true in a number of instances,’ 
I suggested^ that it was very probable that dommant whiteness 
was due to the presence of an inhibitory enzyme in the epithelial 

^ Chittenden and Albro Amer Journ of Physiol , ii, p 219, 1899 
Sy Fhrth and Schneider Betir z chem Physiol u Path , i, p 229, 1902, 
V Furth and Jerusalem ibid, \, p 131, 1907 

^Dewitz Compt rend soc biol fliv, p 44,1902, Phisahx ibid,h'^,P 
1905, Roques Compt rend acad sci , cxlix, p 418, 1909, Gortner This 
Journal, vu, p 365, 1910, Gortner ibid, \, p 89, 1911 
Gortner Amer Nat , loc cit 
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cells 'which pre'v^ents the action of the oxidase, and that recessive 
■whites differ in having neither the pow er to produce pigment due 
to lack of oxidase, or chromogen, or both, nor the pon er to inhibit 
its production ivhen the elements for its formation ^are present 
This bemg the case, one form would be always dominant, its delcr~ 
miner being the anh-enzyme, and the other fonn would be uniformly 
recessne In making tins suggestion I had no verj’- clear idea 
as to the chemical nature of the anti-oxidase, but it noiv appears 
as though the inhibition of the pigment formation maj be a purely 
chemical reaction, and not, necessanlj, due to the presence of 
a true anti-enzjme Perhaps the true solution lies somenhere 
between the two hypotheses and the inhibition may be chemi- 
cal in some instances and due to enzjmes in other cases The 
new mew, however, simplifies the matter, and n ould more readily 
explain those rarer cases m which the same white is both dom- 
inant and recessne, dependmg upon the cross 
Acceptmg the theorj' that all pigments are formed by the action 
of an o\idase on an oxidizable chromogen, and taking the specific 
example of tjTosmase and tjTOsme, we find that when tjTosmase 
is added to a solution of tjTosme a senes of color changes appears, 
passing through pink to red, and ending in the deposition of a 
black, insoluble, precipitate If, however, we add to the system, 
tyrosine -t- tyrosinase, a little orcin, resorcin, or phloroglucin, no 
coloration occurs This reacbon can be onlj’^ of three tj’pes 

1 The m-dihjdroxjl compound unites with the tjTosine to 
form some product which is not oxidized by tyrosinase 

2 The in-dih3’^dro'rjl compound is more readilj oxidized than 
IS tjTosine, but gives colorless oxidation products 

3 The m-dihydroxjl compound acts m the same manner as a 
true anti-oxidase and m some manner inhibits the action of the 
tyrosmase 

I have found that the action is of the third tj^pe by ehminatmg 
both the first and second possibilities 

1 If the colorless reacbon mixture, tjuosme -f- tyrosmase -b 
OT-dihj droxj 1 compound, be washed on a filter with disblled water, 
a part of the tjTosme, on account of its slight solubihtj , remains on 
the filter, and on adding a small amount of fresh tyrosmase to this 
residue, the normal color changes are obtamed This shows that 
the tja-osme was not combmed -with the m-h} droxj 1 compound 
and eliminates tj^pe 1 ^ 
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2 Tliai the icaction nas not of type 2 was shoini as follows, 
Seven test tubes ^\c^e ai ranged m senes containing respectively 


1 

2 

3 

4 


0 03 pm rosinc 

0 03 gm t\rosnic + 0 05 gm orcin (l-mcthyl-3,5-dih)diov\ 
bonrol) 

0 03 gin {\rosinc + 0 05 gm resorcin (ni-dihydroxj benzol) 

0 03 gin tMOSinc -j- 0 05 gm phloroglucm (sjm tnhjdrov) 
bcnrol) 

5 0 05 gin orcin 

0 0 05 gm resorcin 

7 0 03 gm pliloroglucin 

To each tube was then added 0 02 giam of a very active prepar- 
ation of tjrosinasc from potatoes, prepared by repeated precipi- 
tion with alcohol and dried in vacuo ^ Each tube was then halt 
filled u ith water, a drop of chloroform added, and then tig it j 
stoppcied M ith a onc-holc rubber stopper carrjnng a glass tube o 
3 mm internal diametei, and bent tmee at nght angles so la 
the lower end of the tube dipped into vater about 10 cm below 
the tube containing the reaction mixture In tlus manner, if anj 
oxygen were absorbed fi om the air in the stoppered tube, wa er 
would be drawn up iii the glass tube and the height to which le 
water vas raised would be a criterion of the amount of oxidation 
No appreciable rise was noted m any of the tubes excepting 
1, 3 and 6 The rise m nos 3 and 6 amounted to about c 
while the rise in no 1, which rapidly passed throng e us • 
color changes, was nearly 10 cm Apparently, t^^^refore, o , 
resorcin and phloroglucm are not more readily oxi ze 
tyrosine That they are oxidized, and give , j 

products, IS impiobable even if the above endence were s ' 
inasmuch as it has been shorni that they are oxi ize o 
compounds by other oxidases Wolff-’ obtained an o^^dase w ^ 
IS, apparently, as specific for the orcin type of compounds as} 

tor tyroame I have aleo observed that 1““*^ 
orcin to a light red solution and resorcin and phloroglucm to 

solutions e xrorinilS 

A senes of tests was earned out using tyrosmases o 

1 This tyrosinase contained a small amount of laccase ® coloration m 

to a pale pmk at the end of ten days, and produced a yellowish colorat.o 

the tubes containing resorcin and phloroglucm ^ 

2 Wolff Co 7 n.pt rend acad set , cxlviii, p 500, 190 , , 
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origins to detemtine irlietber or not the inhibition of the potato 
tyrosinase bj the m-dihydroYjl compounds was peculiar to this 
vanety of tyrosinase Tyrosinase from the meal wonn^ {Tene- 
bno molttor), the Periodical Cicada ' (Tibicen seplendecin L ), 
and the mushroom, Agancus campeslns,^ which I have found 
to contain both tyrosinase and laccase, were employed with the 
followmg results 

Experiments using tyrosinase from meal worms To portions 
of this tjTosmase I added (1) tjwosme, (2) orcm, (3) phloroglucm, 
(4) pjTamidon, (o) tiTOsme -f orcm, (6) tjTosine + phloroglucm, 
and (7} t}Tosine + pjTanudon Tubes (1) and (7) were blue-black 
in two hours while all of the others remained colorless for ninetj - 
SIX hours when they were discarded 
Experiments using tyrosinase from the Periodical Cicada In 
these tests I used the solution of the newly formed cuticula^ 
which contamed both the tjTosmase and the natural chromogen 
To portions of this solution I added (1) nothmg, (2) tjTosme, 
(3) tryptophane, (4) pjTamidon, (5) phenolphthalein, (6) tmcture 
of gum guaiac, (7) orcm, (8) phloroglucm, (9) resorcm, and (10) 
guaiac-ol At the end of three hours numbers (1) to (5) inclusive 
were a dark smok} color, number (6) was deep blue, and number 
(10) was dark red brown Numbers (7) to (9) mclusive were 
colorless At the end of tnent) hours the only change noted n as 
that the smokj color m nos (1) to (5) had become jet black and 
the blue of no (6) was almost masked bj' the black which had 
developed No trace of color had appeared m nos (7) to (9) 
Experiments using tyrosinase ( 4 - laccase) from Agancus campes- 
tns The tjTosmase, together with some laccase, v as precipitated 
by saturatmg the expressed jmce of the macerated mushrooms 
mth ammonium sulfate, filtering, and dissolving m distilled 
water and agam saturating with ammomum sulfate The lac- 
case could be prepared, free from tjTosinase, bj precipitatmg 
the expressed juice with four volumes of alcohol, dissolnng the 
precipitate in nater and agam precipitatmg with alcohol The 
effect of the tjTosmase maj also be removed by heatmg a solution 

‘Gortner Trans Chan Soc , xcru, p 110,1910 

Gortner This Journal, x, p 89, 1911 

•Identified through the kindness of Dr iMumll and Mr Seaver of the 
Neir Tork Botanical Garden 

‘Gortner This Journal, x, p S9, 1911 
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of tlic tvo enzymes for one minute at 70°, ivhereby the tjTO- 
sinnse is completelj inactivated, while the activity of the laccase 
IS not affected Portions of the solution of tjTosmase (+ laccase) 
were tieated as shonn in Table 2 


TABLE 2 


Tum 

\DDrn ciinoMOQLV 

AFTEn TWO nODRS 

ATTER TWEVTT HOURS 

1 

Tyrosine 

Pink 

Black 

2 

Tyrosine resorcin 

Unchanged 

Orange 

3 

Tyrosol 

Pink 

Red 

4 

TyTosol -f- resorcin 

Unchanged 

Orange 

5 

Gum Guaiic 

Deep blue 

Faded blue 

G 

Gum Gu'ii'ic -}- resorcin 

Bluish 

Bluish 

7 

Gumacol 


Dark brown 

8 

Gunacol -p resorcin 


Pinkish y ellow 

9 

Phenol 


Dull red 

10 

Phenol -f resorcin 


Orange 

11 

p-Plicnydcnediamine 

! Deep red brown 

Intense red purple 

12 

p-Plienylenediamine-f- 


1 


resorcin 

Unchanged 

Greenish black 

IS 

Enzyme one minute at 70° 




+ tyrosine 

Unchanged 

Unchanged 

14 

Enzymie one minute at 70° 




-f- tyrosine and resorcin 


Orange 

15 

Enzyme five minutes at 




100° -f resorcin 


Unchanged 


In this experiment the resorem is oxidized the laccase to an 
orange color, but the action of the tyrosinase is inhibited in every 
case by the 7a-dihydroxyl compound 
On testing a solution of the laccase, prepared by alcoholic pre- 
cipitation, it was found that it was mthout effect upon solutions 
of tywosine or tyrosol, even in the presence of added hydrogen 
peroxide ^ The oxidase, however, rapidly oxidized orem to an 
orange-red and solutions of phloroglucm and resorcin to orange 
PyTamidon was oxidized to orange-red, and solutions of cochineal 
were decolorized In all of my experiments, checks, using a 
solution of the oxidase which had been heated for five minutes 
at 100°, were employed, and in no instance was the effect of oxi- 
dase action observed These experiments were repeated m all 

'Bach Ber d deutsch chem Ges , xli, p 221, 190S 
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sorts of combinations and the same general results were observ ed 
in each case 

The effect of o-dihydroxybenzol A senes of tests were earned 
out in which pjnocatechm was emploj ed I found that pyro- 
catechm was readilj attacked by tjTosmase (from potatoes), 
giinng first a j^ellow solution which became red m the course of 
a few hours When tjTosine was added to the solution of pjTO- 
catechm and tjTosmase the jeUow coloration was the first to 
develop, but in a very few minutes this was completely masked 
by the red of the tyTosme o-adation The final black, however, 
was never reached Judgmg from this example, the benzol 
denvatives which carry two hydroxyl groups m ortho position 
to each other, are oxidized by tyTosmase to colored compounds, 
and do not inhibit the action of tyrosmase, although they' may 
influence the course of the reaction Smee both the ortho and 
para phenols are oxidized by' tywosmase to colored bodies, while 
the meta phenols are apparently not altered, it appears lery 
probable that the colored oxidation products are of a quinoid 
nature 

General results It would appear from these data, that aromatic 
compounds which carry' two hydroxyl groups m meta position to 
each other, may act as chemical anti-oxidases on tyTOSinase, and 
completely' inhibit its action Other oxidases are not inhibited, 
but are able to oxidize these same in-dihy droxyl compounds, form- 
ing colored bodies of an unknown nature 

CONCLUSIONS , 

I haie shown that dominant whites do not contam a pigment 
which IS lackmg m the recessive whites I have also shown that 
aromatic compounds which carry two hydroxyl groups m the meta 
position to each other, are capable of inhibitmg the action of tyro- 
sinase on tyurosme or other chromogens, even inhibiting the action 
of tyrosinase on the chromogens which produce the naturally occur- 
ring pigments '■ Acceptmg, therefore, the theory that pigments 
are formed by the action of an oxidase on a chromogen, 
and takmg, for example, tywosmase and ty'rosme, we ha\e 
only to assume some reaction occumng m the ammal body 
whereby tywosme is converted mto either 3-by droxyphenyl- 

»Sce‘‘Expenineiits using tyrosinase from the Periodical Cicada," above 
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a-ammopropiomc acid, zc, the hydroxyl shfled from k loSor 

g .l-ddijdroxyphenyl-a-ammo-propionic acid to secure 

undrUiTarf of pigment formation 

dcr the action of tjTOsmase, and ivhich should inhibit pigment 

fornialion even if both tj^osino and tyromnase were present 
» nch a condition would produce dominant whites The albmic 
V utos could be explained as before by assummg that they lack 
citiior the enzyme, or chroinogcn, or both, and that they also lack 
tile ininbiting factor vhicli distinguishes the dominant whites 
1 C t icory of the chemical inhibitor would explain the rarer cases 
0 recessive whites ivhich are not albimc, and which are some- 
tiiucs dominant e have here only to assume the cross of 
f>rosine + ?»-dih3 droxid compound X tyrosinase to secure dom- 
inant ivhites, ? e , all of the fiist generation offspring w'ould be white, 
while in the cioss tjTosine -f w-dihydrox}'! compound X some 
oxidase capable of oxidizing the meta compound, all of the first 
generation offspring w'ould be colored, and the white wmuld be 
recessive Tyrosinase will not oxidize orem, and its action on 
tyrosine is inhibited bj'’ the presence of orcin, wdnch is, however, 
oxidized bj'’ a specific oxidase^ TjTosmase will not oxidize 
pyramidou, (4 - dimethylammo-1 -phenyl -2,3 - dimethyl -pyrazolon 
(5) ), but the presence of pyramidon does not inhibit the 
action of tyrosinase on tyrosine PjTamidon is itself oxidized 
by another specific oxidase - These are only three examples of 
known specific oxidases so that it appears xmry probable that 
two breeds or varieties may differ m the nature of the pigment- 
foimmg enzyme ® We know'' of a number of specific enzymes in 
the different parts of the alimentary canal so that it is not improb- 
able that the skin of the same animal may contain different oxi- 
dizing enzymes, or chromogens, m spots, so that the same white 
auunal could possess both dormnant and recessive w'^hite, m which 
case pied offspring would result from a cross with color 


‘Wolff loc cit 

^Bonduoy Trav Sci Umv Rennes, ii, p 218, 1903 
’This theory will also explain how white X white sometimes gives col 
ored offspring if we assume that the dominant white contains tyrosine 
4- «i-dihydro\yl compound -f tyrosinase and the recessive white contains an 
oxidase capable of oxidizing the meta compounds but contains no chromo- 
gen These two whites when crossed would produce colored offspring 
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INTRODUCTORT 

Various ne-us hate been debated regarding the intermediate 
processes through which the carboh} drates pass in metabohsm until 
thej are finalh ehminated in the form of their end products As 
might be expected those theones fashioned from the expenence 
gamed in the studj of the fermentation of sugars hat e received spe- 
cial attention- Thus the formation of lactic acid from carboht- 
drates tlirough the agenc} of microorgamsms finds a coimterpart 
in the occurrence of the same substance m the tissues and secre- 
tions of the ammal bodt ^Metabolism of the carbohjdrate 
molecule bj the mechamsm here suggested, involves an earh 
sphttmg of the carbon cham 

A distmctlt different theort demands a direct oxidation of the 
carboh} drates mthout prelimmart cleat age of the cham, with 
the formation of such mtermediate products as glycuromc, sac- 
charic and oxalic acids, as represented in the following formulas 


CH OH 

1 

COOH 

1 

COOH 

1 

COOH 

(CHOH), - 
] 

— * (CHOH), — 
1 

(CHOH). — 
1 

- 1 

CHO 

CHO 

COOH 

COOH 

Dextrose 

Gli curonic 

Saccharic 

Oxalic 


^cid 

Acid 

Acid 


t A ptebniinart report of this mi cstigation was presented at the meet- 
ing of the -tmcncan Societi of Biological Chemists, December, 1910 
sec Proceedings, this Journal, ix, p vii, 1911 ’ ’ 

-The more recent aspects of this subject are renewed by Harden 
■ilcoholic Fermentation, 1911 
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Tins view vas enr]}' supported by Scbmiedeberg and Mejer/ 
vlio consjdorcd glycuronic acid a metabolic oxidative product of 
dextiose, on account of the related chemical structures of the two 
substances, and the case mtli which dextrose is converted into 
gljcuronic acid by oxidizing agents outside of the body This 
men u.is also accepted by Emil Fischer and Piloty^ From feed 
ing experiments mth thjTnotmpipcridid, HildebrandP concluded 
that glj curonic acid may be formed from dextrose in the animal 
organism He claims that fatal doses of this base, which conju 
gates w ith glycuronic acid, exert no toxic action m rabbits if the 
animals liaie prcviouslj received dextrose Accordmg to P 
Mayor,’ the elimination of g]3’’cnromc acid may be markedlv m 
creased in severe disturbances of respiration, such as d3spnoca, 
and m diabetes mellitus Tlie observations of Mayer are, hon 
ever, not substantiated by tbe more recent investigations o en 
njwTssj and the statements on these questions are contradictor} 
That gl5’'curonic acid is not a product of sugar metabolism seems 
to be indicated bj’’ the work of Loem ® This 
dogs mth camphor during phlorhizm diabetes, and oun i 
although enormous quantities of campho-gl3’'curomc aci 
excreted, the sugar ehimnation was only verj’" shghtl} .4 

A much largei reduction m urinary dexiirose ought to hai e occ 
if it had been the mother-substance of glycuronic acid , 

conflicting xuews in regard to this matter are given }’■ 

Jackson^ and by Jackson ® x],„ 

In experiments upon rabbits, Flajmr" noted an increa 
output of oxalic acid after the introduction of g } 
either pei os or subcutaneouslj'^ The livers of anima s _ 
gl5''curomc acid were found to be richer m oxalic aci 

^Schmiedeberg and Meyer, H Zeilschr / physiol C 

422-50, 1879 ^ no 521-2S, 

2 Fischer and Piloty Bcr d deutsek ekem Gcsellsch , PP 

’Hildebrandt Arch f exp Path u ^9 2/8-316, 

* Mayer Zeiischr f him Med , xl' n, PP * 407-‘’0 1661 

^Fennyvessy Arch internal d pharmaeodyn , PP j’ “ ’ 

B Loewi Arch f exp Path u Pharm , Avn, PP \,jj 1902-03 
^Mandel and Jackson Amer Jonrn of Physiol , J ' 
.Jackson Amer Jour,, of Ph,je,ol . v.n, p aaan, 1902-03 

“Mayer loc cit 
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of control animals ivhicli bad been sumlarlj fed ■vatbout gljcuromc 
acid Autolytic expenments indicated that b\er extracts con- 
tained enzjTnes capable of producing tbe change from glj curomc 
to oxabc acid 

Thierfelder' bas shown that saccharic acid results from tbe oxi- 
dation of glycuronic acid in vitro, but there is no direct ewdence 
that this change can occur m the animal organism ^lajer" 
reported an mcrease in urmarj" oxabc acid after subcutaneous 
injections of sodium saccharate The mcrease, however, is verj 
slight Pohl,^ after giimg five grams of sodium saccharate to a 
small dog, was unable to detect any secondarj* oxidation products 
The urme was reported to contam neither sacchanc acid nor an 
increase m oxabc acid On the other hand, Schott'* m experi- 
ments on rabbits and dogs has recently found that sacchanc acid 
is not oxidized in the bodj', but is excreted unchanged m the urme 
After giimg large doses of sugar, an mcrease m urmarj' oxalates 
has been observed m dogs bj'BaIdwm,*and in rabbits bj P Majer® 
and Hildebrandt ' Baldwm interprets the oxaluna as due to a 
special kmd of gastric fermentation, while Hildebrandt and ilajer 
consider it as indicative of an oxidation of sugar through the oxalic 
acid stage But, as jMagnus-Lei’j * has pomted out, the extremelj' 
large doses of sugar (dO grams for a rabbit) may exert a toxic action 
leadmg to tissue disintegration which latter rmght give nse to the 
oxalic acid In fact there is considerable evidence indicatmg the 
possibilitj of oxalic acid bemg an mtennediate product in the 
metabohsm of the protem substance, or of the purmes 
As earlj as 1875, Furbrmger’ claimed that diabetics excrete 
excessne amounts of oxabc acid, cwmg to decreased oxida'tive 


‘Thierfelder Zeilschr f physiol Chem , xi, pp 3SS-409, 1SS7 
Majer loc cit 

’Pohl ireh f exp Path u Pharm , xxwii, pp 413-25, 1S96 
•Schott Hid , bcv, pp 35-7, 1911 
•Baldwin Journ of Exp Med , x, pp 27-40,1900-01 
‘Mi%er loc cit 

Hildebrandt Zeilschr f physiol Chem , 'Islxv, pp 141-52, 1902 
19j^^^''SUUs-LeTx Oppcnheimer’s Handh d Biochem , iv, Part 1, p 331, 


* Purbringcr Deulsch Arch f ) Im Med , xvi, pp 
xviii pp 143-92, 1S76 


499-526, 1S75, 
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functions; but Luzzatto* has been unable to observe any rise m 
the elimination Indeed, it may be said that there is no connne 
ing o^'ldcnce supiiorting tlie assumption that glycuronic, saccharic, 
inucic, and oxalic acids are jiroducecl under ph)fsiological condi 
lions by'' an incomplete combustion of carboh5''drates 

Considering, hoivevei , the paucity of data m regard to the behav 
101 and fate of mucic acid when introduced into the animal orgac 
ism, and since if the unspht-cham oxidation theory is correct one 
uould ex-pect mucic acid to result from the combustion of galac 
tosc, pist as saccharic acid W'ould result from the oxidation of 
dex-trose, it seemed desirable to conduct experiments mth mucic 
loid similar to those of P Mayer mth glycuronic and saccharic 
•icids 

Baumgartcii' administered 20 to 50 gram doses of the potas 
Slum salt of mucic acid pet os, to normal and diabetic dogs and men, 
and was unable to recover any of the acid in the urme IVom 
these expeiiments he concluded that mucic acid, m such quanti- 
ties, is readily^ and completely oxidized in the body The urines 
woi e notanoly''zed for possible oxidation products BaerandBlum’ 
found that the feeding of mucic acid is •without effect on the keton 
uria induced by phlorhizin diabetes This indicates that if mucic 
acid IS oxidized m tlie body’’, it is unable to replace carbohydrate 
as an acidosis-inhibiting agent Baer and Blum also observed 
that mucic acid exerted a toxic action, resulting m the death of 
their animals It is probable that this was due to the presence 
of impurities in then pieparation The crude product ah\a\s 
contains toxic mtro-compounds, which are removed only after 
repeated recry'^stallization 

In the piesent investigation mucic acid was fed to rabbits and 
dogs, and the urines examined for mucic and oxalic acids In 
earlier experiments the mucic acid used was made from lactose br 
oxidation with nitric acid, according to the method of Kent and 
Tollens'* and subsequently' purified by' recry'stallization until the 


•Luzzatto Sallowsli’s Festschrift, pp 239-52, 1904 
-Baumgarten Zeitschr f exp Path w Thcrap , ii, pp 53-74, 1900 
'’BaerandBlum Arch / exp Path u Pharm , l\v, pp 1-32,1911 
<Kent and Tofiens Liebip’s Annalcn, ccwvii, pp 221-32, 1885 
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resultmg product vras perfectly non-to'^c and melted at 213 C 
Later Kahlbaum’s "Schleimsaure” -was used mtli equally satis- 
factory results 


ESPEEmENTAIi PAST ‘ 

Methods 

The oxalic acid ■was estimated according to the method of Sal- 
kowski® which, from the result of comparative analyses made 
recently by MacLean,® seems to be less subject to error than the 
more commonly used method of Autenneth and Barth * 

It was impossible to detemmie the mucic acid excretion quanti- 
tatively, on account of want of an adequate method, but quah- 
tative tests were made by o'udizmg the urmes "with concentrated 
mtnc acid, as Bauer® has proposed m testmg for galactose 

For this purpose, 100 cc -portions of the urine were introduced into 
beakers, each portion treated with 20 co of concentrated nitric acid (sp 
gr , 1 4), and evaporated on the water-bath to a volume of approximately 
20 CO * The contents of the several beakers were then combmed, trans- 
ferred to a small ciystaUizing dish, further evaporated, and allowed to 
stand in a cool place over night The pure white crystals ■were collected 
on a small filter paper, washed two or three tunes with water and alcohol, 
dried in a dessicator, and identified by the meltmg point Prelunmary 
tests showed that 0 2 gram of mucic acid, when added to 100 cc of unne, 
could be readilj detected by this method Five-tenths of a gram could 
be detected with the greatest ease In one test where the latter quantity 
was added to 100 cc of urme, 0 26 gram, or over 50 per cent, was recovered 
after oxidation 


'This investigation was undertaken at the suggestion of Professor 
Lafaxettc B Mendel, and the experimental data are taken from the thesis 
presented bj the author for the degree of Doctor of Philosophy, Yale 
Unn ersitj , 1911 

-Salkowski Zeitschr f physiol Chem , xxix, pp 437-60, 1900 
'MacLean Ibid , lx, pp 20-24, 1909 
< kutenncth and Barth Ibid , , pp 327-42, 1902 

‘Bauer Ibid , li, pp 15S-G6, 1907 

‘A flocki , gelatinous, precipitateof silica usually separated when rab- 
bits urine was oxidized with nitric acid This was removed by filtra- 
tion before crastalhzmg the mucic acid 
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In Ic'iting for mucic acid in the feces, the following procedure was cm 
ploj od The total fecal excretion for the period was rubbed up with water, 
the mixture made distinctly alkaline with sodium hydroxide, heated 
below boiling for five to ten minutes, and strained through absorbent 
gauJic Tlio residue was in tins manner extracted three times with water 
and alkali, the extracts combined, divided into 100 cc -portions, and o\i 
dired w ith nitric acid, 20-30 cc of concentrated nitric acid being used for 
each 100 ce -portion of the extract The total volume of the extract was 
800-1000 cc for the excreta of a dog for tw o-day periods In testing the 
dclicacx of this method, it w as found that half a gram of mucic acid when 
added to (ho day’s fecal discharge of a dog, could be almost quantita 
tivcly recovered 


The uimes of tlic experimental animals were collected m penods 
of f or ty-ci gilt hours In the rabbits, the complete tw'o daj s’ exere 
tion was obtained by squeezing out the bladders With the dogs, 
no attempt was made to mark off the periods sharply 

Usually the ammals were kept upon constant diets throug ou 
the experiments, but occasionallj’- they refused to eat as mac 
during the experimental period as they did during the fore peno 
In such cases a coriesponding reduction was made ® ® ° 
the after peiiod, so that in every case the urinary findings uri 
the period of mucic acid feeding are comparable with t „ 

mg from the same diet without the acid The attemp 
the acid m the form of the neutral sodium salt almost 
evoked diarrhoea, so that this method of administration v ‘ ‘ 
doned It IS probable that the large amount sodium c 
formed m the stomach, through the action of the hydroc 
upon the sodium raucate, was responsible for the <iiarr . 
inducing a large secretion of water into the 5 

planation is rendered more probable inasmuch as 
grams of sodium chloride produce diarrhoea f by 

the rabbits received the free mucic acid suspended m . 
the stomach sound With the dogs, the -as 
finely hashed meat and dog biscuit of the diet, and fe 

inteivals 

Rnhlnf.s 


The results of the mne series of eiiperiments on rabbrtsMC sum- 
marised m Tables I to III In ammals tons 

was not tested for mucic acid, the oxalic acid . 



William C Rose 


129 


T\BLE r 


VOLTTJIE MCCIC ACID 
1?°'; °^| DRIVE I GIVEN 
‘PERIOD , 


(1) 1 6 kilos 


(2) 2 1 kilos ^ 


days I 
2 


132 


190 


yms 

0 


10 


DIET NOTES ETC 


tny ms ‘ 

6 2 I 100 gms carrots per 
da5 


t 


n 4 


100 gms carrots per 
day Mucic acid neu- 
tralized Tvith NaOH, 
and given m two 
doses, 8 hrs apart 


200 

0 1 
1 

7 5 ' 

1 

1 

100 gms 
daj 

carrots per 

420 

0 

10 2 

I 

i 

250 gms 
day 

carrots per 

4S0 : 

1 

10 

i , 

250 gms carrots per 
da> Free Mucic 
acid given in 5 gm 
, doses, 24 hrs apart 

320 ' 

1 

1 

0 

' 9 0 

i 

1 

250 gms 
daj 

carrots per 

365 , 

1 

0 

1 1 

11 7 ■ 

t 

1 

[200 gms carrots, 25 
( gms com, and 100 cc 
[ water per dav 


(3) 2 0 kilos 


360 


10 


18 6 


200 gms carrots, 25 
gms com, and 100 
cc water per day 
Mucic acid given m 
two equal doses, 24 
hrs apart 


(4) 


2 kilos 


2 ' 375 


5 9 


200 gms carrots, 25 
gms com, and 100 
^^cc water per daj 


1 1 rri 

9 1 


500 gms carrots and 
200 cc water during 
period 


OXAtlC 

AQP 

OUTPUT 


DIET, ^0TE8, ETC. 


2 350 


dai/s cc Qytis mQtns 

Ate only 355 gms car 
rots during penod 
Given 200 cc water 

2 255 15* 10 2 ' Mucic acid given in 

two doses -Ist, 10 

(4) 2 2 Kilos • gms ,2nd, 5 gms, 24 

brs apart 

( 355 gms carrots and 
200 cc water dur 
ing period 

•On o\apomtlng the urine for the oxalic acid estimation, 0 1 gm mucic acid 
M P =213° C 

detennmed In these experiments as in those on animals 6, i, 8, 
and 9, there was only a slight increase in the oxalic acid outpu 
durmg the expeiimental periods, over that of 
The greatest percentage increase was noted in rabbit ' ’ 

the output was 1 9 milligrams for the fore periods, 7 2 mi 
after receiving 10 grams, and 9 8 milligrams after ^ecem S ^ 
grams of mucic acid Even here the actual increase is 
small— far less than one would expect if mucic acid were n 
converted into oxalic acid in process of oxidation 
Part of the mucic acid was recovered unchanged m 
every case after giving doses as large as 15 grams, wi 
exception of labbit 7 Here after 20 grams 
10 grams each, only a trace of an organic precipitate was ob 

having the ciystallme form of mucic acid 

In the periods when 10 grams of mucic acid to 

tered acid was recoveied only once m amount large 
Identify, and here the total quantity given ^,,1, 24 

dose When the acid was given m two doses of 5 gr ^ ^ 

hours apart, only a very small amount or none could be detec 

^^Murme of animal 7, a trace of unaltered amd was recov- 
ered after a dose of 20 giams, while the Whether 

animal, yielded 0 2 gram of acid after a dose of 10 gra 
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TABLE n. 


WAB-BTT 

DURA-I 
TION or 
PEBIOD 

rOLTIME^ 

uniXE 

iruac 

Acro 

<3TVE'<r 

MCaC AQD 
BECOTEXIED 

OXAUC 

AQD 

OUTPUT 

DIET NOTES ETC 



da;fs 

2 

cc, 

230 

ffms 

0 

ems 

0 

mjm* 


Constant diet 
of 150 gms car- 
rots per day 
throughout the 
experiment 

(5) 

13 kilos 

2 

340 

15 

0 5 

(MP = 
209°) 



1st daj, 5 gms 
mucic acid 

2d dav, 10 gms 
free mucic acid 



2 

345 

0 

0 





2 

250 

0 

0 





2 

225 

0 

0 



400 gms carrots 
and 50 gms coin 
dunng period 



2 

300 

10 

0 


' 

Ate only 300 gms 
carrots and 50 
gms com dur- 
ing period Mu- 
cic acid given m 
2 equal doses, 
24 hrs apart 

(6) 

2 0 kilos 

2 

195 

0 

0 



300 gms carrots 
and 50 gms com 
dunng period 



2 

200 

15 

0 15 
(MP = 
209°) 

3 9 


Same diet as m 
precedmg pe- 
nod 1st dav, 
10 gms free 
mucic acid 2d 
day, 5 gms free 
. mucic acid 

— 


2 

250 

0 

0 


fSame diet as in 

\precedingpenod 
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TABIJC n — CounNOED 


JtAIUllT 

ntuA- 
[rio*^ OF 

In !aoD 

I 

\OI UML 

unisr 

MUCIC 

ACID 

OIVEV 

MUCIC ACTD 
nECOVEHED 

OXAUC 

Aao 

OUTPUT 

DIET, IiOTES ETC 


j day 3 

cc 

Qms 

pms 

vigm$ 




2 

2G0 

0 

0 

1 9 


Constant diet of 
200 gms carrots 
perdaythrough 
out ewemnent 

(7) 1 G kilos 

1 

1 2 
! 

350 

10 

0 

7 2 

' 

Mucic acid gives 
in two equal 
doses, 24 hr’ 
apart 


1 

2 

450 

20 

Trace* 

9 8 


'1st day, 10 gms 
free mucic acid 
2d day, 6 gms 
free mucic acid 


2 

450 

0 

0 

5 4 




• Very small preelpitafe rvas obtained which was identified as oreanlc matter 


this was due to individual variations in the abihty to oxidize mucic 
acid; or to diflferences in late and degree of absorption, co 
be determined 


Dogs 

Two experiments were made upon dogs Dog 10 (Table DO 
was a small ammal, and excreted relatively large amoun s 
ingested mucic acid Throughout the experiment e was 
upon a constant diet, consisting of 100 grams of ® ^ 

grams of cracker meal, and 25 grams of lard per ay ^ 
urines did not represent exactly 48 hour periods, t e 
excretion agrees very well with the results obtained m rabD 
Here also the actual increase during the mucic acid p 

slight and msigmficant ^,i,pther 

In ammal 11, a short experiment was made ^ted 

or not any of the mucic acid failed to be absorbed, and 
m the feces The dog was fed ISP grams of meat, 1 gr 
dog b.sSt! and 30 grim, of lard per day The feeea n^ere marled 
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TABLE in 


(8) 1 8 kilos 


(9) 1 4 kilos 




days 

2 


ACID 

GIVEN 


ffiECOVEEED . 


DIET NOTES ETC 


210 


170 


300 


330 


450 


275 


350 


350 


400 


300 


ffms 

0 

10 


gms 

0 


0 2 

(MP = 
212 °) 


20 


5 9 


6 9 


7 1 


0 5 

(MP = 
213°) 


8 2 


7 9 


r400 gms carrots 
\ during period 

(Ate onl} 350 gms 
carrots during 
< period Mucic 
I acid given in 
[ one dose 

(Same diet as m 
precedmg peri- 
od 

Same diet as in 
precedmg pen- 
od Mucic acid 
given in two 
equal doses, 24 
hrs apart 

f Same diet as m 
•4 preceding pen- 
[ od 


10 


15 


5 6 


Trace* 1 8 5 


0 

0 5 

(MP = 
212 °) 


0 


6 4 


10 0 


Constant diet of 
150 gms car- 
rots per day 
throughout ev- 
penment 

Mucic acid given 
m two equal 
doses, 24 hrs 
apart 


[1st day, 10 gms 
mucic acid 2d 
day, 5 gms 
mucic acid 


Oisanlc matter MelUns point not determined 
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TABLE IV 
Dog 10, 6 S kilos 


DUnVTiON 

or 

rruiOD 

NOLOMT 

um r 

,si Ecim 

v\- 

jTr 

RFAC 
^o^ Tc 
Lzntoa 

MUCIC 
) ACTD 
Gt\r\ 

JIDne KCID 
nEcos rnro 

OXALIC 

ACID 

OUTPUT 

^OTE5 

doifs 

2 

cc 

500 

1 020 

1 acid 

Qvxn 

0 

pms 

0 

jnpms 

13 4 


2 

250 

1 032 

acid 

0 

0 

IG 6 


2 

300 

1 032 

I acid 

I 

10 

? 0 3 

(MP = 
210°) 

25 1 

IMucic acid vraB 
j given in one dose 

2 

410 

1 037 

acid 

20 

1 3 

(M P = 
210°) 

30 5 

[Mucic acid was 
[ given m two equal 
[ doses,24hrs apart 

2 

275 

1 027 

acid 

0 

0 1 

7 S 



TABLE V 

Dog 11 IS 2 kilos 


DURATION 

or 

PERIOD 

\ OLUME 
URINE 

jerECiPic 
■ on\%- 
ITY 

' REACTION TO 
LITMUS 

MUCIC 

ACID 

OI\EN 

MUCTC 

ACID 

^ECO^- 

EREDIN 

URINE 

MUCIC 

ACIV 

RECOV- 
ERED IN 
FECES 

NOTES 

day! 

1 

CC 

176 

imu 

alkaline 

pms 

0 

pms 

0 

pms 

0 


i 

2 

300 


acid 

20 

0 1 

0 

f M ucic acid gnen 
< in two equal doses, 

9 / 


1 027 

acid 

0 

0 

0 

[ 24 iirs apart 

1st day of period 




alkaline 

0 

0 

0 

2nd day of period 


off into two-day periods with lamp-black, and analyzed for inuric 
acid The results are shown in Table V After a dose of 20 grams, 
not a trace of the acid was recovered in the feces Apparently, 
mucic acid is readily absorbed even when given in the free state 
None was recovered in the urine of this animal after the mucic 
acid ingestion The urine, which was alkaline to litmus for some 
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unknown reason dunng the fore period and last day of the after 
penod, was rendered strongly acid for three days after giving the 
mucic acid Whether or not the increased nnnary acidity was 
due to a slight nse in the output of ovahc acid, or to the presence 
of traces of mucic acid too small to be detected by the method, was 
not detemuned 

Since rabbits and dogs— at least dog 10— excrete vmaltered 
mucic acid in the unne after 20-gram doses, it seems scarcely prob- 
able that mucic acid is an mtermediarj’- product m the combustion 
of galactose and galactose-jueldmg carbohj'-drates To further 
test this hjTiothesis, however, a senes of experiments were made m 
which animals received the calculated amount of lactose (or gal- 
actose) necessary to jneld 20 grams of mucic acid m the orgamsm, 
and the unnes were analyzed for mucic acid The results follow 


Expebimeot 1 4. rabbit weighing 2300 grams, received by the stom- 

ach-tube 33 grams of lactose, m two equal doses, twentj-four hours 
apart Thirty-fi\ e grams of lactose, if oxidized through the mucic acid 
stage, should j leld 21 4 grams of mucic acid The anunal was well fed 
on carrots and oats, and the urine collected for sixty hours The unne 
contained no sugar or witicic and 

Experimebt 2 A rabbit weighing 1800 grams, received 35 grams of 
lactose in two equal doses, twenty-four hours apart The unne excreted 
dunng the follovnng fifty hours contained no sugar or mucic octd 

ExPERIME^T 3 A rabbit weighing 2020 grams, received two doses 
of lactose, 17 5 grams each, twentj-four hours apart The urine of the 
following fiftj hours contained no sugar or mucic acid 

Expebuiem’ 4 A rabbit weighing 2200 grams, received 8 6 grams of 
galactose After an interxal of twenty-four hours, a second dose of the 
same amount was administered The total amount given (17 2 grams), 
if oxidized through the mucic acid stage, should yield 20 grams of mucic 
acid The unne for the next sixtj hours, contained a minute trace of sugar 
No mucic acid was obtained after oxidizing with nitric acid The amount 
of sugar present, if galactose, was too small to be detected by the Bauer 
method 


Expebimebt 5 A dog weighing 5 4 kilos, was given 35 grams of lac- 
tose in two equal doses mixed m with the food The unne of the foUowmg 
filtj hours gave a slight reduction of Benedict’s solution, no test with Peh- 
ling’s solution, and j lelded no mucic acid on oxidation with nitric acid 
Experiment G The same animal used in Experiment S, received 35 
grams of lactose in one dose The urine of the following fortj -eight hours 
pve a distinct reduction of Feblmg’s solution The sugar was removed 
bj fermenting with ordinarv j east (showmg that the sugar was not lac- 
tose), the 1 east filtered off, and the filtrate oxidized with nitric acid No 
mucic acid icas obtained 
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I'/M'] lUMiAT 7 A dog wcjgJung G2 kilos, received 35 grams of lac 
lose in one dose The urine of the following forty-eight hours contained 
a iniiuitc (race of sugar Direct oxidation nith nitric acid yielded no 
inncu acid 

GENERAL DISCUSSION 

The icsults of tlic inucic acid feeding experiments, particularh 
t.hose upon dogs, ai c not in accoid with the findings of Baunigarlen' 
This investigator was unable to detect mucic acid m the urine of a 
niediuin size dog, after giving 20 grams, and m the urines of nor- 
mal and diabetic men after gmng 50 grams of the acid The 
failure to detect mucic acid in the uimc in any case, was probablj 
due, at least m part, to the inadequate method employed, nnich 
consisted in evaporating the urine made alkaline with sodium 
hydroxide to dryness, cx-tracting the lesidue ivith hot absolue 
alcohol to remove the urea, and prefiaring the double hydrazine 
compound of mucic acid, CiHi(OH)4 (CO NiH; CcHs)^, J o’ 
mg on tlio ivater-bath inth sodium acetate and phenylhyclrazi 
hvdrochloi ide Bulow,"- wdio first prepared the compound, boa 
the mucic acid and phenylhydrazme on an oil-bath, at a e p 
ture of 120° to 140° C He states that the reaction is not coinple 
until all Avater has been evaporated Baumgarten seems * 
overlooked these facts, although he cites the paper 
describing the method It was found impossible 
compound by Baumgarten’s method of heating on ‘ ^ 

even after the addition of 2 grams of mucic acid to 100 cc o_ 
uime used m the test It seems scarcely ^,1,. 

garten AA^ouId have used the method wthout S’^st tes » 
cacy, but if such tests Avere made no mention of th . 

found m his paper m oxalm 

In both the rabbit and dog ex-penments, the increase 

acid e^cefon observed after givmg louoc aerd 

ably m amount wrth that found by Mayer- after 

15 to 20 grams of sodium glyouronate or ™ 

by him as mdicatmg an oxidation of 

alid m process of metabolism A similar interpretation 

ecxxxvi, pp .0«7. 1® 

* Mayer loc eit 
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of the increased oxalic acid excretion obsen'cd after giving rabbits 
40-gram doses of dextrose, although the largest actual increase 
obtamed vas from 1 2 milhgrams before, to 4 7 milligrams after 
the sugar administration It vould seem that the explanation 
of this small increase in oxahc acid suggested bj jNIagnus-Lei'j ' 
and alreadj alluded to, is much more probable — nainel}', that the 
abnormallj large doses of foreign substances produce a slight dis- 
integration of body tissue, sufficient to occasion a rise in oxalate 
elimination 

It IS not at all hhelj that oxahc acid is an mtermediary product 
in the normal metabohsm of any of the food-stuffs Under cer- 
tain abnormal conditions, at present little understood, it anses 
in the bodj , and is immediately excreted This conception ivould 
seem to be indicated from the results of feedmg experiments with 
oxahc acid The mabihty of the orgamsm to oxidize it, when mtro- 
duced per os or subcutaneoulj , is conclusively shown by the re- 
searches of Gaglio- and Pohl ^ Recently the latter investigator,^ 
has corroborated his former work, haanng quantitativelj recovered 
m the urine all the oxalic acid mtroduced into the orgamsm At 
any rate, no eandence has been obtamed from feedmg expenments 
with mucic, saccharic, and glycuromc acids, that oxahc acid is a 
normal mtermediarj' product of carbohydrate metabohsm 
Again, from the results of the lactose feedmg expenments, the 
oxidation of the end carbon atoms of the sugar molecule without 
prelimmarj cleavage seems unhkely In all expenments mth 
the exception of expenment 6, (in which the lactose was given in 
one dose,) the sugar was completely utilized by the animals 
Usually the sugar was gi\ en in two doses, 24 hours apart, m order 
to make the expenments exactly comparable with the mucic 
acid expenments Twenty grams of mucic acid given m this 
manner, are not entuely oxidized by the body^, but reappear 
in part in the urine Stoichiometncally^ equivalent amounts of 
galactose-sugars, giien under the same conditions, fail to evoke 
the appearance of mucic acid m the unne The conclusion is 
obnous mucic acid is not a ■product of the physiological metabolism 

*M^gnus-Le^J toe cit 

• Gaglio Arch f exp Path u Pftarm , xxu, pp 235-52,1887 

*Polll loc Cli 

‘Pohl ZeUsehr f exp Path u Therap , viii, pp 30S-11, 1910 
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of (jaincto’ic It niay be objected, that in the eariier expennients 
too much acid was introduced into the circulation at one tune to 
allow complete oxidation, while in the latter series the change 
from lactose to mucic acid was very slow, onl}^ small amounts 
arising each moment This explanation is, however, scarcelj 
valid, inasmuch as mucic acid is relatively insoluble and its absorp- 
tion must be very slow Considerable time would be necessarj'^ for 
the content of the blood in mucic acid to be appreciabl}'^ mcreased 
Hence, there should be ample time for oxidation to occur, before 
the circulation becomes flooded with the acid It is probable, 
tiierefore, that sugars are normal^’- oxidized by some method 
other than that indicated by the unsplit-cham theory 

BTmMARY 

1 Mucic acid, in doses of 10 to 20 grams, was not completel} 
oxidized by rabbits, but was in part excreted unchanged m the 
urine 

2 When given in doses of 20 grams to a medium sized dog, 
mucic acid was excreted unchanged m the urme in amounts large 
enough to identify The greater portion of the acid was not recov- 
ered 

3 After large doses of mucic acid, only a very small increase 
in oxalic acid elimination occurs in rabbits and dogs This increase 
is bj no means as laige as would be expected if mucic acid were one 
of the precursors of oxalic acid 

4 Rabbits and dogs receiving the amoimts of galactose and 
lactose stoichiometncally equivalent to 20 grams of mucic aci , 
excrete no mucic acid in the urine Obviously therefore, muac 
acid IS not an intermediary 'product in the metabolism of galaclose- 
yielding sugars 
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(Received for publication, Julj 18, 1911 ) 


In a pre\nous paper from this laboratory', Wheeler and Braut- 
lecht* described the behavior of certam aldehydes towards 
l-phenyl-2-thiohydantom (I), 2-tbio-3-pbeiiylh\dantom (II), and 
1, 3-diphenyl-2-thioh5 dantom (HI) They observed that the 
methylene hydrogens in these hydantoins are very reactive towards 
aromatic aldehydes, and that the three hydantoins condensed 
smoothly with aldehydes m glacial acetic acid, in the presence 
of anhydrous sodium acetate, givmg the corresponding ethylene 
denvatives (IV, Y and ^^) 


CcHsN: CO 

1 

GS 

u 

XH; — CH; 

I 

XH — CO 

I 

cs 

1 

CeHsX CH. 

n 

CcHjX CO 

I 

CS 

I 

C.HtX CH, 


CeHjN CO 

1 

CS 

I 

XH — C CHR 
TV 

NH — CO 

1 

CS 

1 

CeH,X C CHR 

C<H,X CO 

! 

cs 

1 

CeHjX C CHR 


III 

(R = CHI,-, CH,OCJl,-, etc ) 


VI 


* Arncr Chan Journ , vh, p 446, 1911 
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It was ncccssnry, in our study of the chemical beha^^o^ of some 
of Iht'feo intcicsiing condensation products, to first acquire a 
knowledge of 4 -substitiition products of l-phenyl-2-th]ob3'daiitoin 
(I) In this paper I shall describe a senes of such compounds, 
wduoii I lia\ e obtained by the action of phenj'’hsothiocyanate 
(phenyl mustard oil) on different ammo-acids 
2 -TJiio- 3 -phcnylhydantom (II), and 2 -thiO'l, 3 -diphenylhj dan- 
tom (III) represent two new ty^ies of thiohy’'dantoiiis and ivill 
be m\cstigated later Thiohy’'dantoms of ty^ie I, however, hare 
bc'cn knowTi for some time l-Phen3d-2-thiohydantom (I), was 
fiist prepared by Aschan* by the action of phen3'^hsothioc3'anate 
on gl3 cocoll He also investigated the action of this isothiocyan- 
atc on alanine and leucine, and obtained l-phenyl-2-thio-4-metli3l- 
hyd'intoin (\TI), and l-phen3d-2-thio-4-isobut3dh3^dantom 
I espectn CI3 Aschan’s method of operation was to melt together, 


CgHuV CO 


CcHsN CO 


CS 


CS 


NH — CHCHj 
vir 


NH — CHCHsCHtCH,) 
VIII 


in a retort, the anuno-acid and the isothiocyanate in molecular 
pioportions, wdien the thiohydantoin was formed with separation 
of water He observed however that the aromatic isothioc3''anatcs 
onl3'' formed hydantoms smoothly m this manner, while the ali- 
phatic mustard oils formed oily pioducts, which could not be 
purified 

Marckwald, Neumark and Stelzner- later investigated the action 
of isotlnocyanates on ainmo-acids and found that by’’ a modifica- 
tion of Aschan^s procedure it wms possible to obtain cry’stalhne 
thiohydantoms smoothly by the action of both aromatic and ah- 
pliatic isothiocyanates on ammo-acids They treated the potas- 
sium salts of the ammo-acids m aqueous solution with the required 
amounts of the mustard oils when the potassium salts of the 
corresponding thioliydantoic acids w’’ere obtained m good ynelds 
The latter on digestion with acids underwent condensation forming 


^ JSer d chem Ges , wi, p 1544, 1883, wii, p 420, 18S4 
- Ibid wiv V) 3278. 1891 
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the corresponding thiohj dantoins The^ prepared in this manner, 
a series of 1, 4 substituted thiohj dantoins bj the action of phenj 1-, 
oandTi-toljl-, a-naphtj 1- and allj lisothioc 3 mnates on a few amino- 
acids 

With the exception of two recent papers bj Bailej and Ran- 
dolph' apparentlj' no attention has been paid to phenj Ithiohydan- 
toms since this n ork of hlarckwald and his co-workers The onlj 
ahphatic a-amino-acids so far examined are glj cocoll alanme, 
leucme, and a-aminoisobutjTic acid - 
I ha\ e now mvestigated the action of phenj^hsothiocj anate on 
a-ammobutjTic acid,^ inline, phenj lalanme, tjTOsme, asparagine, 
aspartic acid and glutamimc acid All these ammo-acids reacted 
smoothlj’ with this mustard oil, in the presence of alkali, form- 
ing the alkali salts of thiohj dantoic acids, which readilj' underwent 
transformation mto the correspondmg thiohj dantoms bj' treat- 
ment with hj'drochlonc acid Attempts to obtam crj'stallme 
phenylthiohj dantoms from cj'stme and a-pjTrohdoncarboxj^hc 
acid' were unsuccessful 

The 1-phen j l-2-thiohj’-dantom deni atn es of a-ammo-acids should 
be of service for the identification of these acids Thej’' are diffi- 
cultlj soluble m orgamc solvents and are well crystallized com- 
pounds, which have defimte meltmg pomts The jueldswere nearlj' 
quantitative in ei erj" case Thej undergo hj'drolj'sis on warmmg 
with potassium hj droxide givmg the potassium salts of the thio- 
hj dantoic acids While the correspondmg oyygen acids are capa- 
ble of isolation and are crjstalhne m character, the thio acids 
separate as oils when the alkah salts are treated with hj'drochloric 
acid and undergo, at ordmarj temperature, an mner condensation 
gmng the ongmal thiohydantoins They are desulphunzed bj' 
digestion in aqueous or dilute alcohohc solutions with silver mtrate, 
mercuric chlonde, lead oxide, mercunc oxide and bromine, and 
are stable in the presence of boiling hjdrochlonc acid The known 
1-pbenj 1-2-thiohj dantoms formed from a-ammo-acids together 
inth their meltmg points and ciystaUme forms are given m the 
folloinng table 

‘ Bcr d chcm Gcs , xh, pp 249i, 2505, 190S 

• Baile\ and Randolph Loc nt 

• Fischer and tiounewat Bcr d chcm Gcs , xxxiu, p 23S3, 1900 

• Zctl'c/ir / pliynol Cficm,ta\,p -157,1910 



^42 Hydantoins 


r/\BLE 1 


AMINO-\CID 

riirNyLTIHOIITBAJtTOI?,S 

MELTING 

POINT 

cBmiirosji 

Gli cocoll ' 

l-phcnyl- 2 -tliioliydantoin*f| 

240-2” 

plates 

Alanine 

l-phcnyl-4-methyl-2-thiohy- 

dnntoin*tJ 

180-4'’ 

prisms 

a-AmInobut^ nc acid 

l-phen 3 d- 4 -ctlijd- 2 -thiohy- 

dantom* 

190-2° 

plates 

ci-Aminoisobutj nc 
acid 

l-pbcnyd-d, 4 -dimctb 3 ]- 2 - 
thioliydantojn§ 

174° 

prisms 

Vnlinc 

I-plienyl-4-Jsopropyl-2-thio- 
I 13 dan tom* 

20&S° 

needles 

Leucine i 

i 

l-phen 3 l-4-isobutyJ-2-thio- 
h 3 dantoin*t 

176-9° 

prisms 

Plicnylalanmo 

! l-phon 3 d- 4 -bcnzyl- 2 -thiob 3 ' 
dantoin* 

1 

187° 

prisms 

Tj rosine 

l-pIien 3 d- 4 -h 3 dro\ybeiizyl- 2 - 
thiohydantom* 

214-6° 

1 

' prisms 

Asparagine 

l-phen3'’l-2-thJoh3'dantoin-4- 

acctamidc* 

234° 

needles 

Aspartic acid 

l-pljcn 3 d- 2 -tbjobydaDtoin 4 - 
acetic acid* 

233-4° 

lenticular 

Glutaminic acid 

l-pben 3 ]-2-thiohydantoin-4- 
propnonic acid* 

169-70° 

prisms 

needles 


‘TJiJs piper fAscban hoc at fMarcLnald ctnl hoc at JBilley and Kondolph Loc 


A]] of the above compounds are colorless e\cept the l-phenyl- 
2-thiohydantom which, even after tieatraent with decolorizing 
agents and six recrystallizations fiom alcohol, still retains a pile 
sti aw color 

EXPERIMENTAL PART 

Pteparahon of PlienyWiiohydanioins The general procedure for 
preparing the thiohydantoins, described in this paper, was to dis- 
solve the amino-acid, its hydiochloride, its ester or the ester hydro- 
chloride m water containing the requned amount of potassiuin 
hydroxide to foim the potassium salt, and then adding the require 
amount of phenyhsothiocy'-anate and a small amount of 95 per 
cent alcohol The mixture was then digested on a sand bat , 
using a return condenser, until the reaction w'as complete Fre- 
quent shaking hastened the reaction, and m most cases theniustan 
oil disappeared after boiling for a short time, usually less than one 
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hour The solution -was then concentrated on a steam bath to 
remove the alcohol, an excess of hydrochloric acid added and the 
solution then evaporated to dryness The thiohydantoms usually 
separated m crystallme condition as the solution became concen- 
trated After tnturation mth cold -water to remove potassium 
chlonde, quantitative yields of the pure hj dantoms -were almost 
always obtamed 


l-Phenyl-24h%ohydantoin,^ CjHsN — 

is 


-CO This thiohydantom 


NH— CH 


can be obtamed accordmg to the above procedure or by heating, 
at a high temperature, ethyl phenylthiohydantoate - This ester 
melts at 85° to a clear oil, which evolves alcohol at about 150° 
and then solidifies m the hot bath formmg the thiohydantom 
On heating m a capillary tube, this compound becomes greemsh 
m color at about 220° and then melts at 240-2° to a dark oil with 
decomposition Aschan® and Marckwald^ state respectively that 
the compound decomposes above 200° and 210° Phenylthiohy- 
dantoin dissolves m saturated sodium bicarbonate solution and is 
recovered quantitatively on addition of acids One part of the 
hydantoin dissolves m 9000 parts of water at 25° and m 252 parts 
of boihng water One part dissolves m about 45 parts of boilmg 
alcohol It can be purified easily by crystaUization from glacial 
acetic acid The hydantom is not desulphurized bj’’ digestion -with 
chloracetic acid in aqueous solution 

l~Phenyl-4-ethyl-2-thiohydantoin, CeHsN CO From 


im— CHC2H5 

phenyhsothiocyanate and a-amino-n-butiTuc acid ® The yield was 
97 per cent of the calculated This hydantom is soluble m nlkah 
difiicultly soluble m boihng water and dilute hydrochlonc acid 

\ Neumark and Stelzner Loc at 

Fischer Bar d chcm Gc^ , ■'cxxiv, p 433 
'Loc at 

‘ hoc Cll 

» Fisher and Mouncarat, loc at 
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and moderately soluble m alcohol 
square plates which melt at 190-2° 
100° (Kjeldahl) 


It separates from alcohol as 
It was dried for analysis at 


N 


Calculated for 
CuHi ONiS Found 
12 3G 12 36 


is 

I 

NH— CHCH(CH5). 

A quantitative yield of this compound was obtained by the action 
of phenjdisothiocyanate on a-aminoisovalerianic acid (valine) 
It wms purified by cry'^stallization from alcohol, in which it is diffi- 
cultly soluble, and separated as colorless needles melting at 206-8° 
to a clear oil It was dried for analysis at 100° (Kjeldahl) 

Calculated for 
CisHhON S round 

II or 13 03 


I -Phenyl-4-henzyl-S-thwhydanioin, CeEsN CO 


CS 

NH— CHCH 2 C 5 H 5 


From synthetical phenylalanine and phenylisothiocyanate The 
hydantom is readily soluble in acetone, benzene and glacial acetic 

acid, difficultly soluble in alcohol and practically insoluble in water 

It crystallized from alcohol as colorless prisms, which melt at 
187° to a clear oil Analysis (Kjeldahl) 

Calouinted for 
CibHi.ON S Found 

N 9 93 9 93 


l-Phenyl-4-'parahjdroxyhenzyl-2-thiohydanioin, 
CfiHsN CO 

fs 

CHCHsCeHiOH 
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From one gram of tjTosine, hich was obtamed by hj drolj sis of 
casein, I obtained bj action of phenjbsotbiocjanate 1 54 grams of 
this thiohydantom The compound is soluble m glacial acetic 
acid, acetone and alcohol One hundred grams of water dissolve 
00789 gram of the hydantom at 25° It crjstalhzes from 95 
per cent alcohol as colorless or straw colored prisms which melt at 
214-6° to an oil It was dried for analysis at 100° (Kjeldahl) 

Caleolsted for 
CuHi,OiN:S Found 

i\ 9 40 9 42 

l-Phenyl-2-thiohydantoin-4-<icelamide, 

CeHsN CO 

I 

cs 

1 

NH— CHCH;CONH» 


From asparagine (Kahlbaum’s) and phenjlisothiocjanate This 
hjdantoin crjstalhzes from alcohol as colorless lenticular pnsms 
n bich melt at 234° to a clear oil It is soluble in acetone and alco- 
hol and insoluble m ether One part of the compound dissolves m 
about 1550 parts of water It is decomposed when warmed with 
alkali mth evolution of ammoma. Analjsis (Kjeldahl) 

Calcuiatcd for 

CiiHuO XiS Found 

Iv' 16 80 16 82 

Polassiu7n Salt of the Hydantoic Acid, CeHsNB CSKH CH- 
(C00K)CH5C0NH; This salt is readilj soluble m water and 
moderatelj soluble in boilmg alcohol It separates from alcohol 
as colorless plates which melt at 154° Analj sis 

Calculated for 

^ CuHirOi'VjSK Found 

13 77 13 51 

^ 12 79 12 83 

f-Phcnyl-2-thiohydan(oin-4-(icelicacid 
CeH^N CO 


CS 

I 1 

KNH— CHCH.COOH 
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Tno grams of l-phcnyl-2-thiohydantom-4-acetamide were dis- 
solved m 25 cc of water, containing two molecular proportions of 
potassium Iiydroxide, and the solution boiled until ammonia ceased 
to be evolved TJie solution was then concentrated and acidified 
with hydrochloric acid On evaporating the acid solution, the 
above li3^dantoin was obtained mixed mth potassium chloride 
The jncld of the pure acid was 1 74 grams It crystallizes from 
alcohol as colorless prisms, which melt at 233-4° unth effen'escence 
One part of the acid dissolved m about 1747 parts of water at 25° 
Analj'sis (Kjeldahl) 

Calculated for 
CiiHjuOjNjS Fouod 

N 11 20 11 24 


l-Phenyl-2-thohydanio7n-4-propion'ic acid, 
CcHsN CO 

is I 

NH—CHCHsCHsCOOH 


Four grams of the hydrochloride of glutamimc acid, which \s'as 
obtained by the hydrolysis of gluten, were converted into the thio- 
hydantom m the usual manner l^en the solution was cooled 
before the addition of the hydrochloric acid, the potassium salt of 
the corresponding hydantoic acid separated as glistening plates 
This was not isolated The bydantom was punfied by crystalli- 
zation from alcohol and separated as microscopic needles which 
melted at 169-70° with shght effervescence to a clear oil It 
quite soluble in alcohol, difficultly soluble in boiling benzene an 
moderately soluble in ether One part of the compound dis- 
solves in about 556 parts of water at 25° When an aqueous so u- 
tion of the hydantoin is evaporated at 100°, a thick syrup is 0 - 
tamed, which shows verj’’ little tendency to crystallize Anal} sis 
of the hydantoin after drynng at 110° 


N 


Calculated for , 

CijHi OjNiS Found 

10 67 to 


I acknowledge my indebtedness to Dr H L Wheeler who sug 
gested this work and to Dr Treat B Johnson for his assistance m 
the preparation of the results for publication 
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Since it IS known that the halogens, chlonne, bromine and iodine, 
occur in hnng organisms m organic combmations, it seems plausi- 
ble that thej all maj' be linked m protems m a similar manner 
The identification of lodgorgoic acid, which DrechseF isolated 
from the axial skeleton of a Gorgoman coral, as 3,5-diiodtjTosme^ 
(I), and the recent isolation of this same substance from Florida 
coast sponges’ and also from artificially iodized proteins* have 
therefore awakened an mterest m the studj' of the correspond- 
ing chlorme and bromme derivatives of tjTosme (11 and HI) 
So far as the writer is aware, no chlorme- or bromme-containmg 
orgamc compound of known structure has been isolated from 
animal tissues 3,5-DibromtjTosme (H) has been prepared by 
1 on Gorup ’ 

In this paper we shall describe the sjuthesis of the third member 
of this series, 3,5-dichlortjTosme (IH) 


* Zeitschr f Biol , -ocun, p 90, 1896 
’ Wheeler and Jamieson Amer Chem Joum , ■ccoii, p 365 
’ Wheeler and Mendel This Journal, vu, p 1, 1909 
' Oswald Zcitschr f physiol Chem , Ixx, p 310, bm, p 200 
‘ Ann d Chem (Liebig), exxv, p 2S1 
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^ 4S Hydantoins 

CJI.CIKNJIOCOOII CH,CH(NH,)COOH CH,CH(M,)C00H 


I 


J 


oir 


I 




The ocemrcncc of cJiJorjne Jii natural organisms nas obsened 
b} niincloslmgon' m 1895, -ttho detected its presence m certm 
species of corals Drechsel- also found, a little later, that the 
skeleton of the ji\Icditerr.anean coral, Gorgoma Cavolinn, from whicli 
he isolated lodgorgoic acid, also contained about 2 18 per cent of 
chlorine in organic combination Henze^ later made a thorough 
study of Drcclisel’fa gorgomn and isolated, after hj drolysis of this 
substance mth banmn hydroxide, a small quantit}’’ of an apparently 
definite, halogen-eontainmg compound This possessed acid prop- 
erties and contained 2 55 per cent of chlorine, but no nitrogen 

Mendel,"' in 1900, determined the amounts of halogens present 
in three species of corals, n Inch were collected in the West Indies, 
and observed the occurrence of chlorine in conjunction wtb iodine 
Foi example — Plexawa flexuosa, Gorgoma acerosa and Gorgoma 
flahclhm contained 0 86, 3 17 and 1 24 per cents of chlorine respec- 
tively He did not ho'vyex’-ei detect the presence of bromine 
Morner® also examined several species of tropical corals and 
sponges and observed that they all contamed not only iodine, but 
also chlorine and bromine m small amounts. 

Panzer,® worlang "mth artificial halogen protems, hydrolyzed 
chlorcasem "outh alkali and isolated a crystaUme decomposition 
product, which was free from nitrogen, phosphorus and sulphur, 
but contamed 62 S per cent of chlorine The compound was not 
identified, but Panzer states that it was possibly a highly chlori- 
nated phenyl-propionic acid 

Wlnle SjS-dnodtjrosme' (I) and 3 , 5 -dibromtyrosine® (H) can 


^ Zeitschr f angewandle Chem , 1S95, p 473 
‘ Loc cit 

s Zeitschr f physiol Chem , wwui, p 60, 1903 
* Amer Jouin of Physiol , iv, p 243 
' Zeitschr f physiol Chem , Ii, p 33, 1907 
^ Ibid , wxiii, p 131, 1901 
’ Wheeler and Jamieson Loc cit 
s on Gorup Loc cit 
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be prepared easilj by the action of iodine and bronune on tiTosine, 
all attempts to obtam a crj^talline chlor-compound by the action 
of chlorme on the ammo-acid ha\e been imsuccessful Panzer,^ 
for example, chlormated natural tyrosme and obtained a product, 
which he states u as similar m character to that obtamed by hydro- 
lysis of chlorcasem TVicke* states that when tjrosine was sub- 
jected to the action of chlonne water a resinous substance uas 
formed, which was very soluble in alcohol No crystalhne prod- 
uct u as isolated 

Aloy and Eoberts’ have recently exammed the behamor of chlo- 
rme towards tjTOsme and found that drj' tjTosme is not attacked 
by this element On the other hand, they obser\'ed that chlorine 
reacted energetically mth moistened tjTOsme formmg an mdefimte, 
yellow-colored substance They state that this was chiefl 3 ' a per- 
chlordenvativc, and was soluble m all common orgamc solvents 
Similar results were obtamed by them when chlonne water was 
allowed to act on tjTosme or bj treatment of the ammo-acid m 
an acid solution with the gas 

Since tjTosme does not react smoothlj' with chlonne, therefore 
efforts were made by us to obtam defimte chlonne compounds by 
the action of this element on some denvatn es of tjTosme We 
now find that tjTosinehjdantom-' (V) reacts smoothlj with chlo- 
rme m glacial acetic acid solution givmg the correspondmg hydan- 
tom of 3,5-dichlortjTosme (\TII) That the chlonne atoms had 
substituted m the 3,5-positions of the benzene nucleus was proved 
as foUov, s The same dichlorhi'dantoin C^TII) was obtamed easilj 
bj reduction of 3,5-dichlorbenzalhj'dantom (VII) with hjdriodic 
acid The structure of this benzal denvative (VII) is known 
It was prepared by Wheeler and Hoffman* by condensation of 
hj'dantom (VT) with 3,5-dichlorbenzaldehyde * Therefore chlor- 
ine substitutes m the same positions (3,5) m the benzene neucleus 
of the tjTosmehj dantom, as are taken bj* lodme and bromme 

* Lot cxi 

» Ann d Chcm (Ltehg), ci, p 318 

’ Bull toe chm , HI, p 393, 190S 

‘Blendennann ZctlschT f physiol Chem , p 253, 1882, Wheeler and 
lloSman Amcr Chcm Journ , xlv, p 377, 1911 

* Loc ci( 

‘ Vuwers and Keis Ber d chcm Ges , 


xxix, p 2356, 1896 



^5® Hydantoins 

hon thcj' ooinJjinc with tyrosine (IV) The chlorine atoms in 
3,5-dichlortjTosinclo'-dantoin (VIII) are not removed by digestion 
of this compound witli barium hydroxide solution The hj dan- 
tom however is unstable under these conditions, and undergoes 
a smooth hydrolysis, as has been observed m other cases, and is 
converted into ilie unJniouTi 3,5-dichlortyrosme (III) These 
vaiious transformations arc represented by the following formulas 

OH NH~CO 

I 

CO 

J 

CHjCIKNHdCOOH NH-CHCH,(^>0H 


NH— CO 

! 

CO 

I 

NH~CH. 


VI 

OH 

Cl Cl 

CHjCHCNHitCOOH 2HjO 
in 

3,5-DichIortyrosme (III) crystallizes hke the corresponding 
dibromcompound^ (II) with two molecules of water, while 3,5- 
duodtyrosme (I) is anhydrous It dissociates m aqueous solu- 
tion and reacts acid towards litmus It is precipitated from a 
dilute sulphuric acid solution by phosphotungstic acid When 
heated with strong nitric and sulphuric acids it is decomposed with 
evolution of chlorine and hydrochloric acid The acid gives no 
red color when warmed with Millon's reagent and forms insol- 
uble silver, copper and lead salts The salts with inorganic acids 
are extremely soluble m water 


IV 


NH— CO 


CO 

I 

NH— C CH 



c: 


Cl 

■\ 

Cl 


NH-CO 

1 

CO 


VII 


Cl 


OH NH-CHCH,< )0H 



/ 

Cl 


VIII 



1 Some new derivatives of this halogen amino-acid will be describ d n a 
later paper (T B Johnson) 
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In the course of our work we also examined the action of halo- 
gens on benzalhj dantom ^ This compound is not attacked bj 
lodme, but reacts with chlorme and bromme m glacial acetic 
acid solution fo rmin g a-chlorbenzalhydantom (IX) and a-brom- 
benzalhjdantom ( XR 'J respectoely a-Brombenzalhj dantom 
IS reduced bj hydriodic acid formmg smoothlj benzyl- 
hj dantom (XII) This same hj dantom was also formed b> 
reduction of benzalhydantom with tm and hydrochloric acid 
It IS a remarkable fact that anisalhydantom (X) was not reduced 
under practically the same conditions By careful reduction of 
anisalhydantom with hj^driodic acid we succeeded in obtainmg the 
correspondmg amsj'lhy dantom (XHI) While the halogen m 
a-brombenzalhydantom (XIV) is easily remoi ed by reduction inth 
hj dnodic acid, nei ertheless this compound was extremely stable 
m the presence of reagents, with which it would be expected to 
react For example, the bromme could not be removed by' diges- 
tion of the hydantom mth potassium thiocyanate, potassium 
acetate, silver oxide, sodium ethylate or potassium hydroxide 
On the other hand potassium hy'drosulphide reacted smoothly 
givmg o-mercaptobenzalhj dantom XI, and potassium bromide 


NH— CO 
1 

CO 
1 

NH— G CBrCjH, 


NH - CO NH— CO 

I 1 

CO CO 

I I 

NH — C CClCiHs NH— C CHCeH.OCH. 


XIV 



i\ 


NH— CO 

1 

CO 

1 

NH— C C(SH)CeHs 

XI 


NH— CO 

1 

CO 

I 

NH— CHCHiCtH, 
xn 


X 


NH— CO 

i 

CO 

i 

NH — CHCH,G,H,OCH, 
xm 


‘ ^Miccler and Hoffman hoc cii 
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Hydantoins 


EXPERIMENTAL PART 


Action of Chlorine on Tyrosinehydantoin 
hydantoin 


NH-CO 

I 

CO 

I 

jsrn— ciicii. 


Cl 


^OH 

Cl 


Sjd-Dichlortyminc 


Five grams of t3Tosmcliydantom were suspended m 30 cc of 
glacial acetic acid and heated at 100° on the steam bath Chlonnc 
gas was then conducted into the hot solution imtil the h 5 'daii 
tom dissolved After evaporating to drjmess a gummy residue 
was obtamted, which we washed nith ether when the greater 
jiortiou of the matciial solidified The n eight of crystalline mate- 
rial was 4 7 grams and proved to be the dichlorh 3 ’^dantoin Tlie 
compound is veiy soluble m alcohol and glacial acetic acid and 
difficultl 3 ' soluble in water It cry'^stalhaes from alcohol m rhom- 
boliedral prisms, which melt at 202° wuth decomposition It does 
not give Millon’s reaction 


Analysis (Kjeldnhl) 
N 


Calculated for 
CioHjO/NjCI, 

10 18 


Found 

9 75 


Pieparaiion of S,6-Dichlortyrosinehydanioin by Reduction of 
8,5-Dichloi -p-hydroxyhenzdlhydantoin ^ 

Tliree and three-tenths grams of 3 , 5 -dichIor-p-hydroxyben- 
zalhydantom u'ere suspended ma mixture of 30 cc of glacial acetic 
acid and 15 cc of hydnodic acid, and then heated at 100° until the 
hydantoin completely dissolved Iodine was evolved After 
concentration to a small volume and saturation with sulphur 
dioxide gas to decolorize the solution, the dichlortyTosmeh 3 '’dan- 
tom separated It weighed 2 4 grams corresponding to a yield of 
70 pel cent of theory It crystalhzed from alcohol in rhombohe- 
dral tables, which melted at 202° A miNdure of this reduction 
product with some dichlortyrosme from the preceding experiment 
melted at exactly the same temperatiue 


1 Wheeler and Hoffman Loc cit 
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CH CH(KH,)COOH 2H,0 
Cl 

Twelve grams ol 3,o-diclilort>Tosmeh>dantom, 60 grams of 
crj stalhzed banum hj droxide and 75 cc of water were digested in 
a flask attacked to a return condenser for nme hours The e\ olu- 
tion of ammoma had then practicallj ceased The solution was 
diluted vath 300 cc of nater, warmed to 100 ° and carbon dioxide 
passed into the solution to precipitate the banum as carbonate 
After filtermg from barium carbonate the filtrate was concentrated 
to a volume of 100 cc This solution gave no test for chlorme n hen 
treated cold with sdi er mtrate and dilute mtnc acid On boilmg 
this solution however a heawi' precipitate of sil\er chloride de- 
posited The excess of barium was precipitated b> addition of 
a little sulphunc acid, the banum sulphate filtered off, and the 
solution then concentrated until crj stals began to separate on the 
surface of the hquid On coohng we obtamed 7 5 grams of dichlor- 
tjTosine, which melted at 248° with decomposition After two 
cr j staliizations from hot water it melted at 252° with decomposition 
This decomposition pomt vaned accordmg to the rate of heatmg 
The ammo-acid is sparmglj' soluble m water, four parts of the 
acid dissohnng in about one hundred parts of the solvent It is 
1 er j difficultlj soluble m alcohol, ether and benzene When crj s- 
tallized from water the acid separates m rectangular, prismatic 
crystals It reacts acid in aqueous solution towards htmus and 
decomposes carbonates It gives lerj soluble salts with hidro- 
chlonc and sulphunc acids, but is decomposed by cold, dilute 
mtnc acid Concentrated sulphunc and mtnc acids decompose 
the acid with liberation of chlorme It forms difficultly soluble 
siher and copper salts The siher salt is soluble m dilute mtnc 
acid The acid is precipitated by phosphotungstic acid from dilute 
sulphunc acid solutions It does not gixe AliUon's test Itcrjs- 
tallizcs with two molecules of water, part of which it loses when 
dried on a hot plate at 75-80° The acid becomes anhjdrous 
when heated at 110° 


8,5-DichloTiyrosine, 
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Hydantoms 


An AM SIS 



Calculated for 


TT n 

(CeH(0»NCl!)2H0 

Found 


12 58 

12 45 

C 

43 20 

43 30 

II 

3 m 

4S 

N 

5 60 

5 56 

Cl 

28 38 

23 20 


Hydrochloride of 3,5-Dichloriyrosine Five-tenths of a gram of 
chchlortj’Tosme ■w as treated with 5 cc of dilute hj drochlonc acid 
and warmed until dissoh ed On cooling, large, prismatic, color- 
less cr 3 'stals of the hydrochloride separated It melted at 260- 
265° -w ith decomposition 

An AM SIS (Kjcldshl) 

Calculated for 
CoHsOjNCl HCI Found 

N 4 81 4 95 

Reduction of Benzalhydantm/n to BenzyUiydanioin with Tin 
and Hydrochloric Acid It has already been shown that this beazal 
compound can be reduced to benzylhydantoin by the action of 
hydriodic acid, and aluminium-amalgam ^ Two grams of ben- 
zalhydantom were dissolved m 95 per cent alcohol and 1 3 grams of 
tin added together with 20 cc of strong hj^drochlonc acid The 
mivture was then heated on the steam bath until all the tin dis- 
solved The solution was evaporated to dryness and the residue 
triturated with water when 1 5 grams of benzylliydantoin were 
obtained It melted at 190° to a clear oil, and a mixture of the 
compound and some hydantom prepared from phenylalanine 
melted at the same temperature Benzalhydantoin was recovered 
unaltered after long digestion in an ammomacal solution wth 
ferrous sulphate 

a-Brombenzalhydanioin 

NH— CO 

I 

CO 

I 

NH— C CBrCeHs 

Five grams of benzalhydantoin were suspended m 25 cc of 
glacial acetic acid and 4 3 grams of bromine (Bra) slowdy added 

» Wheeler and Hoffman Loc cit 
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through a dropping funnel Heat was evolved and the benzal- 
hjdantoin dissolv’ed without evolution of hydrobronncacid The 
solution was then evaporated to dryness on the steam bath 
Hydrobromic acid was slowlj’" evolved during this treatment We 
obtained a crj'staUme residue which weighed 7 grams It was 
dissolv'ed m alcohol and the solution cooled, when this benzal 
derivative separated in plates which melted at 240° to an od The 
compound is moderately soluble in water and easily soluble m 
glacial acetic acid and alkah 

Av ALTS IS (Kjeldahl) 

Calculated for 
CMHrOjVJBr Fooud 

N 10 ^ 10 75 


Reduction of a-Brombenzalhydanioin to Bemylhydanioin vnih 
Hydnodic and 

Five grams of a-brombenzalhydantom were heated on the steam 
bath with 15 cc of strong hj dnodic acid and 30 cc of glacial acetic 
acid for four hours The solution became dark colored and lodme 
was liberated After concentratmg the solution to a volume of 
20 cc , water was added and sulphur dioxide gas passed m to reduce 
the free lodme An insoluble product separated here, which 
weighed 0 7 gram and was identiSed as unaltered matenal melt- 
ing at 240° We separated from the filtrate 3 0 grams of henzjl- 
hjdantom, which melted at 190° to an oil 
a--Mercapidbenzalhydanf(n,n, 

NH— CO 

i 

CO 

1 

NH — C C(SH)C.Hi 


Three grams of potassium hjdroxide were dissolved m 25 cc of 
water and the solution saturated with hjdrogen sulphide gas at 
0 for one hour Five grams of the brombenzalhydantom were 
then dissolv ed m the solution and the mixture boiled for one hour 
After cooling and acidifjnng with acetic acid we obtamed 3 S 
grams of the mcrcapto compound or 90 per cent of the calculated 
The hvdantom is verj soluble m alcohol and glacial acetic acid 
and moderatclj soluble in hot water and ethjlacetate It ciystal- 
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Hydantoins 


li55os from otiiylucctato in yellow prisms, which melt at 199° with 
ilocomposition 


ANAMhih (Kjrld'ihJ) 
N 


Cnloulated for 
CuHiOiNjS ' Found 
12 73 13 0 


The lialogen in a-brombenzalhj dantoin is not removed by digcs 
(ion •vsith potassium tluocymnatc, potassium acetate aUd siher 
o\k1c Attempts to remove the halogen by heating with sodium 
ethylate and potassium hydroxide were also unsuccessful The 
benzal compound underwent decomposition by the action of the 
two latter reagents giving a resinous substance which did not 
solidify It u as not examined further 
a-Chloi hcnzalhydanioin, 

NH— CO 

f 

CO 

I 

NH— C CClCnHs 

Three grams of benzalby'^dantom were dissolved m 300 cc of 
glacial acetic acid and the calculated amount (1 mol ) of chlorine 
gas passed into the solution Slight heat was evolved as the clil^ 
rine was absorbed The solution was evaporated to drjmess an 
the residue dissolved in alcohol On coohng, the chlorcompoun 
separated in plates, which melted at 273° to an oil The Uydnn- 
toin IS very soluble m glacial acetic acid and difBcultly' soluble in 
hot water 


Analysis (Kjeldahl) 
N 


Cilciihted for 
CioH 70«N Cl 

12 58 


Found 

12 35 


Benzalhydantoin is not attacked by iodine When the hy 
tom was heated for several hours in glacial acetic acid wuth lo wc 
no reaction wdiate^mr took place The hydantoin wms recoverc 
unaltered 

p~M ethoxyhenzylhydajiioin, 


NH— CO 

I 

CO 

I 

NH— CHCH.CfiH40CH5 
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Fi\e grams of amsalbj dantoin^ were partiallj dissohed in 75 
cc of glacial acetic acid,, 12 grams of strong hj dnodic acid added, 
and the mixture heated at 100° for three hours There was no 
e^^dence of the formation of an> methjliodide and lodme was set 
free Sulphur dioxide water was then added to decolorize the solu- 
tion, when 1 5 grams of the unaltered hydantom, meltmg at 
243°, separated The filtrate was eiaporated to drjmess and the 
residue triturated mth cold water, when we obtamed 3 3 grams of 
p-methoxjbenzjlhjdantom This compound is soluble m boil- 
ing water and alcohol It crjstalUzes from water m jellow, 
hexagonal tables, which melt at 174° to a clear oil 

Analtsis (Kjeldahl) 

Calculated for 
CuHuOjK Found 

N 12 73 12 97 

An attempt to reduce this hydantom with tm and hjdrochlonc 
acid was unsuccessfid This was remarkable, because the benzal- 
hjdantom is reduced smoothly imder similar conditions Fifteen 
grams of anisalhydantom were heated for one week, at 100°, with 
tm and concentrated h 3 ’’drochloric acid Some alcohol was also 
added to effect solution Notlung but unaltered hj^dantom was 
identified after this treatment It was likewise recovered unal- 
tered after digestion with zmc and glacial acetic acid Five grams 
of the hydantom were dissohed m 75 cc of glacial acetic acid, 
35 cc of water and an excess of zmc added and the mixture boiled 
for three horns After filtermg and coolmg, 4 2 grams of unaltered 
amsalhj'dantom separated and melted at 243° This product 
however was perfectlj' colorless while that obtamed bj condensa- 
tion was alwajs jellon and retamed this color after repeated 
recrj stalhzations A mixture of this colorless hjdantom and 
some of the jellow condensation-product melted at 243° proving 
that thej’- were identical When anisalhjdantom was digested for 
sei eral hours with sodium hj droxide it was converted mto p-meth- 
oxj-phenjlpjTuvic acid meltmg at 185-7° = 

Photomicrographs of 3,5-duodtj rosine, 3,5-dibromtjTosme and 
3,5-dichlort\Tosine are shown on Plate II The three acids were 
crjstalhzed from water 

' Wlicclcr and Hoffman Loc cil 
Uakcman and Dakin This J-ournal, k, p 150,1911 
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The constancy of the sugar content of the blood under normal 
conditions constitutes one of fundamental axioms of physiology 
It has been umversally assumed that a certain supply of sugar m 
the blood is essential to normal metabohc rhythm and that even 
under distorted physiological conditions, as m inanition, the organ- 
ism IS capable of furmshmg the requisite matenals from its own 
economy for the maintenance of the blood sugar constant 
Attempts to upset this mce adjustment have resulted m the mam 
m the temporary estabhshment of an excessive quantity of sugar 
m the blood Thus hyperglycaemia may follow the mtroduction 
of vanous drugs mto the body or may be produced by the mduc- 
tion of different pathological states On the other hand, with 
the exception of phlondzm and uranium glycosurias, httle has 
been known concemmg the conditions necessary to dimmish the 
content of blood sugar 

The practical sigmficance of the investigations upon changes m 
blood sugar content obviously bes m the importance which the 
results obtamed from such research may bear to the mterpreta- 
tion and treatment of human diabetes It has been assumed that 
if the abnormal state which exists m diabetes could be experimen- 
tally reproduced, some hope for the prevention or alleviation of 
the condition might be reahzed Such, however, has not been 

• I am much indebted to Dr M S Fine for aid m canymg out Eome of 
these evpenments 
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i6o Hydrazine and Carbohydrate Metabolism 

the case for, with tlic possible exception of pancreatic diabetfo 
an exact experimental duplication of the conditions existing m 
human diabetes lias not yet been made 
Recent investigations in the production of hypoglycaemia, 
notably those of Frank and Isaac,* with phosphorus, suggest a 
possible control of the blood sugar content which may lead to a 
distinct advance in our knowledge concerning certam phases of 
carbohydrate metabolism 

Tlic present paper is the first of a series m which it is planned 
to present various aspects of carbohydrate metabohsm under 
conditions in which the sugar of the blood is experimentally dimin- 
ished The method employed for the production of this condi- 
tion was the administration of the diamine, hydrazine 

THE INFLUENCE OP HYDRAZINE UPON THE ORGANISM IN QENERAIi 

In their paper on “The Influence of Hydrazme upon Inter- 
mediary Metabolism m the Dog,” Underhill and Kleiner* have 
described the general effects of hydrazme upon the organism m 
the following w'ords 

“The reacarchea of Bonaaow.’of Pohband of PoduschLa' hare demonstrat- 
ed the relatively great toxicity of this compound and have defined the 
eeriea of manifeatations following its mtroduction into the body With 
doses of 0 1 gram hydrazine sulphate per kilo of body weight subcutaneously 
injected vomiting is observed which is succeeded by extreme restlessness 
There is augmentation of the heart beat which later falls below the normal 
and respiratory difficulty is accompanied by general paralysis At this 
stage a short period of coma usually ensues which terminates in death The 
entire cycle of events is completed within a very few days Coincident with 
the symptoms noted above is the appearance in the urine of varying quan- 
tities of protein and bile pigments " 

From his histological study of the action of hydrazme, Wells® 
concluded that 

“hydrazme seems to be a poison with an almost specific effect upon the 
cyiioplasm of the parenchymatous cells of the liver, for when the poisonj s 

^Frank and Isaac Arch f exp Path u PharmaKol , Ixiv, p 274, 1911 
*Underhill and Kleiner This Journal, iv, p 165, 1908 
*Bonssow Zeitschr f phystol Chem , xix, p 499, 1894 
‘Pohl Arch f exp Path u PharmaKol , xlvm, p 367, 1902 
®Poduschka Ibtd , xliv, p 59, 1900 
'Wells Journ of Exp Med , x, p 457, 1908 
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given subcutaneously this tissue alone shows evident structural alterations, 
although equal or greater amounts must reach other organs or tissues It 
seems to have remarkably little effect upon other than hepatic cells, and 
does not cause any appreciable destruction of red corpuscles, sbght hemor- 
rhages are occasionally produced, but much less than by other poisons with 
a similar effect upon the hver It attacks only the cytoplasm of the hver 
cells, never affectmg the nucleus primarily, and causes a profound fatty 
metamorphosis of the type commo^y referred to as “fatty degeneration " 
In this respect it resembles phosphorus, from which it differs m two impor- 
tant particulars Hydrazine attacks first the cells in the center of the 
lobules, while phosphorus shows its first and most marked effects upon the 
penpheral cells, and secondly, phosphorus usually causes marked fatty 
changes m the myocardium, the kidneys, and indeed throughout the body, 
whereas the effects of hydrazme seem to be limited almost absolutely to 
the hver The unknown poisons of acute yellow atrophy and eclampsia, 
and most of the bacterial poisons, attack first and chiefly the nuclei of the 
liver cells, m contrast to the strictly cytoplasmic effects of hydrazme Phos- 
phorus also effects the nuclei more than does hydrazme On this account 
the recovery of the liver to normal after hydrazme poisoning is remark- 
ably rapid and complete, there bemg no permanent anatomical alterations 
after recovery from a most severe non-fatal poisonmg ” 


Despite the grave injurj- to the liver it has been demonstrated 
that “the most striking feature of the action of hydrazme upon 
the animal body is the absence of abnormal relationships m the 
principal urinary constituents”*^ and the presence of abnormal 
substances, such as lactic, ovj’^butync and diacetic acids, acetone 
or reducmg bodies could not be detected m the unne, although m 


one instance there was a separation of a small quantity of cystine " 
Subsequent expenence with hydrazine has afforded additional 
facts concemmg the general influence of this poison upon the body 
of the dog which are of considerable importance for the conduct 
of future investigation In the first place the subcutaneous admin- 
istration of hydrazme sulphate m the dosage of 50 mgms per 
kilo presents an entirely different senes of symptoms than a simi- 
lar introduction of 100 mgms per kilo bod 3 ’- weight In both 
instances there is the same mitial picture, z e , vomitmg and ex- 
treme restlessness With the smaller dosage, however, the am- 
mal appears merely drowsy and stupid durmg the first day In 
general upon the second day the dog seems practicaUy normal 
\nth the noteworthy exception that there may be endence of 


‘Underhill and Klemcr loc cil 
Underhill and Kleiner loc ci( 
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extreme weakness especially noticeable in the hind hmhs Pood 
IS refused The animals may show a considerable loss of body 
n eight, much more than can be accounted for by the few da}s 
stan’’ation Upon the fourth or fifth day food may be greedily 
eaten After this stage is reached, the ultimate recovery of the 
animal is assured In general nearly all dogs receiving the smaller 
dosage make complete recovery in spite of the fact that dvmng 
the second and third day after the adimmstration of hydrazine 
the liver presents, a typical, light colored appearance of "fattj 
degeneration ” Bile may or may not appear in the unne and in 
general the urine contains no protein 

hlnraoDS In the in\ estigations here recorded, hydrazine (Kahlbaiim) 
was always introduced subcutaneously' as the sulphate in a2 5 per centsolu 
tion which IS a practically saturated solution at room temperature Esti 
mations of the blood sugar content were made according to the method 
indicated in a former paper,' the copper finally being determined gravimet 
rically Glycogen in the liver was determined by Pfluger's method* 
Blood pressure was recorded by a mercury manometer connected with a 
femoral artery In blood pressure experiments narcosis w'as induced by a 
mixture of morphine and atropine (10 mgms morphine sulphate and 1 mgm 
atropine sulphate per kilo of body weight) Ether was not necessary after 
the preliminary operative procedures Injectionsweremndeintothefemoral 
aein 

THE ACTION OF HVDBAZINE UPON THE BLOOD SUGAB CONTENT 

It has been previously intimated that there is a paucity of liter- 
ature relating to the artificial production of hypoglycaemia Aside 
from the consideration of the well known examples in connection 
with phloridzin and uramum salts, the expenments of Frank and 
Isaac® with phosphorus have shown for the first time the com- 
plete disappearance of sugar from the blood of rabbits A decrease 
in blood sugar content has also been observed by Forges^ af^*" 
extirpation of the adrenals in dogs and in cases of adrenal insu 
ciency caused by Addison's disease In all these instances the 
decreased sugar content of the blood is accompanied by a rapi 
decrease or complete disappearance of the liver glycogen in spite 
of the ingestion of relatively large quantities of carbohydrate 

^ UnderhiU This Jo 2 n nal, i, p 113, 1905-06 
~ PflOger Arch f d ges Physiol , c\i, p 307, 1906 
® Prank and Isaac loc cit 

*■ Forges Zaischr f hhn Med , ]xi\, p 341, 1909, P 243, 1910 
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What becomes of the glj cogen of the hver and the sugar of the 
blood IS at present largely a matter of conjecture Whether the 
carbohydrate is merely transformed into some mcompletely metab- 
ohzed product and the latter elunmated, or whether more rapid 
metabolism is mduced resultmg m mcreased carbohydrate combus- 
tion remain problems for future determmatioa 
Experiments with Dogs Obsen ations ha\ e been made to 
ascertam the influence of hj’^drazme upon the blood sugar content 
of dogs Prom the data presented m Table 1 it may be seen that 
an appreciable hj^pogh caemia follows the mtroduction of hydra- 
zme m doses of SO mgms per kilo of body weight, and that twice 
this quantity does not necessarily exert a more marked influence 
In a large number of experiments hardly a smgle mdividual am- 
mal has failed to exhibit this phenomenon although vanations m 
the degree of diminution ma 3 ’' occur The sjmiptoms of extreme 
weakness m dogs after hi'drazme treatment may be directly cor- 
related with the diminished store of carbohydrate as mdicated 
by lowered blood sugar percentage 

TABIE I 


The Influence of Hydrazine upon Blood Sugar Content and Liier Glycogen 

of the Dog 
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Tlint starvation per sc is not responsible for the lowered blood 
sugar content may be concluded from experiments A, B, and C, 
m 11111011 dogs ■were allowed to fast greater number of days than 
those in hydrazine expenments 

ExpuniMUNTS iviTH Rajjbits When hydrazme is adminis- 
tered to rabbits in doses of 50 mgms per kilo the animals refuse 
food for a period of at least two days No other noteworthy 
synnptoms arc conspicuous Since starvation plays a r 61 e m hydra- 
zme experiments of this type it is imperative that the influence 
of this factor shall be determined Accordingly detemunations 
have been made of the sugar content of the blood and the glyco 
gen of the liver m normal rabbits fed and kept under the usua 
laboratory conditions as a comparison for smular determination 
made upon animals m every way comparable except that aU foo 
was wuthheld for a period of two days This period was chosen 
for the reason that after hydrazme mtroduction a like periofl 0 
time was allowed to elapse previous to kilhng the animals 
The results of these trials (Table 2 ) mdicate wha is g 
ally accepted, namely, that the blood sugar content of nor 
rabbits is approximately 0 10 per cent, and tha , 

liver contains a considerable quantity of _ 

the quantity in individual rabbits may show a no ewo 
t.on It .. also evident that a penod of two da^ .earn W 
IS sufficient to practically ehmmate the liver s s ore , ^ gg 
On the other hand, the percentage of the blood ^ ^ 

no appreciable change Wken hydrazine is a 
the doses indicated it is clear that in the major y . 

drug IS capable of decreasing the sugar con en 0 gjig^tly, 

some instances to a remarkable degree, m 0 e j^j^^ntained 

while a practically normal blood conten 

by a third group of individuals From this dive^y oi 
it IS ob-vious that the rabbit can no e re , , Hence 

ably exhibit hypoglycaemia after hydrazme mt ^rate 

results of ev-penments planned to supply ^y be of 

metabobsm from the standpomt of hyperglyoaema may 

p" to whether 

of maintaining blood sugar conten ^ introducing dev 

was subjected to experiment by subcutaneous y 
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TABLE 2 


The Behavior of Blood Sugar Content and Liver Glycogen in Rabbits Treated 

mth Hydrazine 
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trose into animals on the daj’ following hydrazme injection 
On the next day the animals were killed and the blood sugar 
content and glycogen of the liver were detemuned The results 
of one such experiment (Rabbit 15, Table 2) are given It 
is obnous from what has been said that the exact mterpretation 
of these results is not easy smce from the data furnished one is 
unable to know whether hy drazme exerted any appreciable influ- 
ence upon this ammal’s carbohy drate store It may be of mter- 



1 66 Hydrazine and Carbohydrate Metabolism 


., ir., i, '■'^^P'ratory d,starbance lasted about one mn«le, after 
i\incli tile animals appeared normal 


I o determine the influence of small doses of hydrazine continued 

rabbits of 2100 

and 2200 grams body weight respectively were selected and for 
n e \ e c ays each received 25 mgms of hydrazine sulphate daily 
nnthout obvious detnmental influence of any hnd The only 
effect noted was an apparent ravenous appetite After this 
period the dosage was increased to 75 mgms daily for eighteen 
c ays without any appreciable influence Body weight had changed 
too little to be of significance The animals were then killed 
The blood sugar content of the two animals was 0 07 and 0 12 


per cent respectively The glycogen m the liver amounted to 
1 56 grams and 5 1 grams expressed as dextrose 
In none of the hydrazmized rabbits was there any evidence 
of the characteristic light colored liver seen with dogs 


THE ACTION OF SUBCUTANEOUS INJECTIONS OP DEXTROSE UPON 

BTYDRAZINIZED DOGS 

Since hydrazine invariably causes a diminution in the per- 
centage of blood sugar it was assumed that some light might be 
thrown upon the fate of the blood carbohydrate by a determmation 
of the assimilation limits for dextrose mjected subcutaneously 
into hydrazmized dogs If dextrose of the blood undergoes a 
more rapid combustion m the body subsequent to hydrazine 
administration, one might conjecture that the organism would 
be capable of utilizing larger quantities of dextrose 
It has been shown that normal dogs completely utilize dextrose 
mjected hypodermically m doses of 5 grams per kilo ^ As hydra- 
zimzed ammals refuse food it is essential to determine whether 
ammals ^vlthout food for a period of two days — the time selected 

^ Scott Joum of Physiol , xxviii, p 107, 1902, Underhill and Closson 
This Journal, ii, p 117, 1906 
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for sugar introduction subsequent to hj drazine injections show 
as high assimilation limits as the normal animal 
Three well-fed ammals were selected for this pm^iose Dog 21 
was a bitch of 5 1 kilos Dog 22 was a dog of 7 6 kilos Dog 
24 was a hound of 15 7 kilos To these animals, after a prelim- 
inary mamtion penod of two dajs, subcutaneous mjections of 
dextrose were given m doses of 5 grams per kilo The sugar was 
a 30 per cent solution For two dajs subsequent to the sugar 
injection, urme was collected and tested for dextrose In no case 
was there the least trace of reducing substance No food was 
giien on the two days following the admmistration of dextrose 
After a two days period dunng which the ammals were well fed 
on a mixed diet, hydrazine was subcutaneously mjected m doses of 
50 mgms per kilo body weight On the second day foUowmg the 
hjdrazme mtroduction quantities of dextrose were mjected sub- 
cutaneously exactly equal to the amounts previously administered 
The sugar mjections were all made m the late afternoon and when 
left for the mght the animals were apparently m normal condition 
The next morning all ammals were found dead The bladder of 
Dog 21 contamed 13 cc of urme, 37 cc of urme were obtamed 
from Dog 22, while the bladder of Dog 24 held 70 cc of urme 
In no case was there evidence of reducmg substances Autopsy 
revealed nothmg abnormal except the exhibibon of the typical 
light colored hver 

Three experiments m every respect similar except that the 
preliminary period of starvation and sugar mjection was 
omitted yielded results exactly comparable All animals died 
withm a period of twelve hours after the sugar mjection The 
dosage of hydxazme alone was not sufhcient to cause the death 
of the ammals m this length of time, i e , withm three daj s In 
fact, it has been our expenence that with this dose, 50 mgms 
per kilo, practically all ammals recover It is apparent that the 
combination of the two factors, hj drazme and dextrose, was nec- 
essary for the unexpected result 

In some of the ammals a noteworthy anuna was obsen ed which 
may be of agmficance m the mterpretation of the results obtamed 
Why sugar solutions thus introduced should exert such a prompt 
toxic influence upon dogs treated with hjdrazme remains to be 
a<=certamed This problem is bemg subjected to further studj 
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THE INEEUENCE OF IIIDRAZINE UPON BLOOD PRESSURE 

During the course of this investigation it became desirable to 
know the action of hydrazine upon the arterial blood pressure 
T-hat hydrazine e\erts some influence in this respect might be 
concluded from the observation of Borissow^ that hydrazine at 
first greatly increases the cardiac beat but subsequently causes aver) 
significant slomng of the heart Experiments to test this point 
have been made A tracmg (Plate III) is appended showing 
that even m relatively strong solutions hydrazme sulphate when 
introduced directl}'’ into the circulation fails to exhibit any im- 
mediate sigmficant influence upon arterial blood pressure 
In this experiment a 10 kilo dog was employed 15 cc of 0 1 
per cent, 0 5 per cent, 1 0 per cent, and 2 5 per cent hydrazine 
sulphate solution were injected successively The mjections 
lasted about one minute In the tracing time is recorded m 
half seconds 


CONCLUSIONS 

Lethal Dose Hydrazme sulphate subcutaneously mjected into 
dogs and rabbits m doses of 100 mgms per kilo invariably cul- 
minates in death, while all animals usually recover from admm- 
istration of 50 mgms hydrazme per kilo 

Hypoglycae 7 ma Doses of 50 mgms per kilo hydrazme su - 
phate subcutaneously mjected into dogs leads to a distinct lowering 
of the percentage of sugar in the blood with rabbits this effect is 
not constant 

Dunng a shorn period of inanition, dextrose assimilation a er 
hypodermic admimstration is as good as in normal well-fed do^ 
Dextrose m doses of 5 grams per kilo promptly causes dea 
when subcutaneousl}'" mjected into dogs previously treate vu 

non-fatal doses of hydrazine 

Hydrazme mtroduced directly into the blood stream s 
no appreciable immediate influence upon arterial blood pressu 


^Bonseow loc cit 
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Since the epoch making discovenes of HellnegeU there have 
followed in qiuck succession manj’- senes of investigations rela- 
tive to the fixation of atmosphenc mtrogen by hving orgamsms 
Especially bnlhant are the mvestigations of Winogradsky- on 
Closlndmm j)astonamim and those of Beyennck® on the Azotobacr 
ter group, and it is unnecessary here to go mto a review of the 
investigations which have since added themselves to those, for 
the reader is doubtless acquamted with the pamstakmg and inter- 
esting researches of Gerlach and Vogel, Kruger and Schneidewmd, 

J G Lipman, Lohms, Christensen and a host of others to whom we 
are mdebted for information on the subject of the fixation of 
atmosphenc mtrogen by soil bactena Suffice it to say, that 
the researches of the past twenty-fiie jears have disclosed facts 
>which point emphatically toward the conclusion that the earth 
IS endowed with agencies which, at least m part, compensate for 
the losses from our valuable mtrogen store from the sod which 
are constantlj going on From the earliest of these researches 
it appeared that the power of living organisms to assimilate atmos- 
phenc nitrogen was limited to a small group of bactena of which 
the power seemed as charactenstic and distmct as did the power 
of the group of nitnf}Tng bactena to change ammomum com- 
pounds to mtrates, but the later in\ estigations soon brought 
to light the fact that many bactena other than those of the B 
radictcola, the Azotobacter and the Clostndium groups exhibited 
the power, more or less pronounced, of fixmg atmosphenc mtro- 

’ Uchcr die Slid '‘toffnahrung dcr Gramineen und Leguminosen, ISSS 
Compl rend dc I lead dcs Sci , 1S93 
»Ccnfrar5r f Balt, ix, 2 Abt , p 3, 1902 
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gen Tliose discoveries led further to a study of other organisms 
belonging to the groups of yeasts, molds and the higher fungi, 
in a search for those among them which possessed the peculiar 
physiologieal power to fi\ atmospheric mtrogen These studies 
have resulted m botli positive and negative results frequently 
with the same organisms m the hands of different investigators, 
and the present status of the question is still unsettled pending 
further evidence of tlie definite and constant powers of the fungi 
mentioned to fix atmospheric nitrogen It was therefore mth 
the double intention of making a further contribution to our 
knowledge of the nitrogen fixing powers of some of the organisms 
already' studied as well as the study m that direction of organisms 
w'liich until now, so far as the winter is aware, have not been 
experimented wutli, that the subjoined investigations were under- 
taken It was decided to make a study of the nitrogen fixing 
powers of some of the true ymasts, “pseudo-yeasts,”^ Mycoderma 
varieties and some of the common molds, among them Aspergillus 
mqer, Pcmcilhwn glazicim, Botnjhs anerea and others Before, 
however, going into the detailed descnption of the experiments 
can led out it wall be helpful for purposes of comparison to revieiv 
briefly the several researches, which have been carried out on the 
nitrogen fixing powers of organisms which are the same or simi- 


lar to those employed in my experiments 

The investigations of Jodm^ and Halher^ carried out as early 
as the sixties of the last century led them to believe that fungi 
were possessed of the power to fix mtrogen Their results and 
opinions on this matter were not confirmed, however by Woff 


and Zimmerman * 

Sestmi and del Torre reported some investigations in 18/ 
which seemed to have a doubtful significance In their communi- 
cation they make mention, however, of a statement by Selmi m 
which the latter attributes to the J\Iycodeima forms the power 
to produce ammonia fiom atmospheiic nitrogen in the presence 


of nascent hydrogen 


‘A term employed by zymologists to designate the yeast-Iike organisms 

which do not form spores 

^Compt Tend de I’ Acad des Sci , Iv, p 612 
^Zeitschr f Parasile7iliinde, i, p 129 

^Abstract in Jahreshciicht der Agnhidlur Chcmie, \iii-xv, p 
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The investigations of Loen and Nageh^ led them to make the 
statement that elementarj-^ mtrogen is an unsatisfactory source 
of that element for molds Lawes, Gilbert and 'Warnngton- 
could not shoiv anj fixation of mtrogen by some soil molds smce 
analjses of soil, m which these molds were, showed no increase 
of mtrogen 

Winogradskj has reported negative results m experiments with 
an Aspergillus species, and Czapek* has likewise reported nega- 
tive results with Aspergillus niger and criticised the jesults of 
Puriewitsch and Saida, especiallj the latter, on the ground that 
the amounts of mtrogen fixed maj have been due to errors m the 
mtrogen determinations Gerlach and Vogeb reported negative 
results with a j east experimented with by them 
To all of these doubtful or negative results on the fixation of 
nitrogen b> j easts, molds and other fungi, should be added the 
results of m\estigations very recently earned out by Duggar and 
Knudson'^ at Cornell XJmversity m which it is claimed that no 
nitrogen fixation was obsened, except to a very shght extent 
in cultures of Aspergillus niger 

Opposed to these negative results we have the positive results 
of sei eral mvestigators m which we find a description of marked 
pouers of fixmg mtrogen attnbuted to the yeasts and molds experi- 
mented with Berthelot' noted gams of mtrogen m cultures of 
Aspergillus niger, Allernana lenms and Gjunnoascus, but only 
the cultures of Allernana tenuis were pure Punewitsch,’^ however, 
worked with pure cultures of Aspergillus niger and Pemcilhum 
glaucum and in addition to aU other precautions to exclude bac- 
tena from these cultures he added some phosphonc acid to his 
culture solution which latter consisted of 100 cc of water, 0 4 
gram of monopotassmm phosphate, 0 4 gram of calcium chloride, 
0 2 gram of magnesium sulphate, 3 grams of tartanc acid, i aiy - 
ing amounts of dextrose and small amounts of ammomum mtrate 


SitnmgshcT d malhcm phynl Rlasse d At ad Munchen, x, p 2S0 
Joiirn C/tem Society, Transactiom, xhii, p 20S 
’Batr z chem Physiol und Pathol, 11 , p 559, 1902 
*Loc at 


‘Abstract m Sacnec, Feb 3, 1911, of a paper read before 
Societ-N of Amcnca 

*C/amic regctalc cl agncole, i, Pans, 1899 
Per a dciiUch hot Ges , -cui, p 339, 1895 
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Gains of nitrogen ^\crc noted in all cultures It is interesting 
honevci, to observe in Ins results, the large differences mthe 
amounts of nitrogen G\cd by the same organism m duplicate cul 
lures Snicla' not only confirmed the results of Punevatsch on 
AspcvgiUus ingcf , but shon cd that a distinct nitrogen fixing poiver 
lias possessed by Mvcoi stolonifci, Endococcus purpurascen'^, 
and Phoma bctac No gams of nitrogen, however, were noted by 
the same investigator m cultures of Acrostalagjmis cinmhamn, 
Momha vat'iabihs and Ftmspomm moscliatum A Koch- claims 
that lie and other investigators in. repeating the experiments of 
Puricwitsch and Saida could not obtain any fixation of nitrogen, 
but calls attention to the fact that his results must not be taten 
as proof of the questionable puntj'’ of the cultures used by Pune- 
11 itsch and Saida nor yet of any error in the work of the last named 
investigators but rather to a change m the character of the organ- 
isms in old cultures as indeed this has often been noted in cultures 
of Azotobacter which after long standing seemed to have onl) a 
feeble nitrogen fixing power This is an interesting observation 
ivliich agrees wuth a similar one made by the writer m the experi- 
ments described below 

Frank^ shoved distinct gams of nitrogen m work earned out 
wuth different species of Pemcillium, amounting in one case to 
3 5 mg of nitrogen in 65 cc of nitrogen-free sugar solution in 
an incubation period of ten months Remy* also showed fixation 
of nitrogen by three out of twenty-five molds winch he tested 
and among these was Aspei gilhis mger which fixed 10 mg of nitro- 
gen on 20 grams of dextrose as a source of energj'^ To these must 

also be added the mx'-estigationsof Ternetz^whofoundinvorking 

mth five species of Phoma that the latter possessed a pronounce 
nitrogen fixing power, noting in one case a fixation of 22 mg 
of nitrogen per gram of dextrose The same investigator note 
gains of nitrogen also m cultures of Pe?iicilhwn glancuin and AspcT 
gillus mger amounting in the latter case to 2 71 mg nitrogen pcf 
gram of dextrose 

1 Ber d dcutsch hot Ges , \i\, p 107, 1901 

-Handbiich dcr techmschen Mpkologie, Jena, m, 1907 

^Landtv Jahrb , x\i, p 7, 1892, Bol Zeiiung, h. P 

*Verh d Ges deulsch Naturf und Aerete, IxMV, i, P 221, 1^- 

^Bcr d dcutsch hot Gw, xMi, p 267, Jahrb f t>nssen BoianM^, . 

1907, p 353-40S 
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Gains of nitrogen rvere also noted bj Heinze' in cultures of yeasts 
in their spore forming stages and in cultures of lichens in the 
gonidium form There should also be mentioned here the experi- 
ments of Gerlach and Vogel- in nrhich the> found a mold to pos- 
sess the poner of increasmg the mtrogen content of the culture 
from 2 8 mg to 5 1 mg This mcrease is attnbuted by Gerlach 
and Vogel to expenmental error, but, as Lohnis rrell remarks m 
renewmg this matter, the other data given m the same mvesti- 
gations do not support such a vierr 
In a senes of very carefuUj conducted experiments m rrhich 
everj possible precaution vas taken to prevent absorption of 
ammoma and amido compounds from the au bj" the culture solu- 
tions, Frohlich^ showed \ery considerable and defimte gams of 
mtrogen m cultures of fungi obtamed from then growths on dead 
parts of plants These fungi belonged to the hj-phomycetes, 
and one of them Macrospomm commune fixed on the average 
as much as 8 92 mg of mtrogen per gram of dextrose used In 
addition to these results the same mvestigator confirmed the results 
of others above noted with respect to the mtrogen fixmg powers 
of Pemcillum glaucim and Aspergillus niger Latham^ further 
confirms the results of Berthelot, Pimewitsch, Saida, Rem}', 
Tcmetz, Frohhch and others above mentioned, m his experiments 
mth Aspergillus niger 

Of particular interest m connection with the writer’s results 
are those of Zikes^ who describes a torula form, isolated from laurel 
Icaics and named bj him Torula vnesnen which possesses a 
pow er of mtrogen fixation equal to 2 3 to 2 4 mg per gram of glu- 
cose used The experiments of Lbhnis and Pillai® show only 
a slight nitrogen fixmg poner for a torula form emplojed by them, 
but a larger fixation of mtrogen by Demaiium pullulans 

’Ccniralbl f Baf t , x, 2 Abl , p 075, XII, p 357 
Bfifr : chcm Physiol u Path , u, 1007 
'Jahrb f msscn Boianif , xlr, p 256, 1907 
'Bull Torraj Bol Club, xxxn, p 235, 1909 
^Sitzung'^bcT Alad Wicn, math-nalurw Kl , cxvm, p 1001 
‘ Lohms and Pillai Ccnlralbl f Ball, xx, 2 Abt , p 799 
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Tile material tested m these experiments consisted of seven 
species of sjiccliaromyces, six varieties of “pseudo-yeasts,"' 
one mycoclerma {Mycoderma vim) and three molds The cultures 
employed veie kindly given to the writer by Prof F T Bioletti 
of the California Agricultural Experiment Station to whom I 
desire, here, to express my sincere thanks The cultures iiere 
all examined microscopically and appeared to be pure cultures 
of the organisms named in the tables 

Senes I 

A culture solution- was prepared and distributed in 100 cc 
portions in 500 cc Erlenmeyer flasks and sterilized in the auto- 
clave Each liter of solution consisted of the followong 

15 0 grams mannite 
0 2 gram dipotassium phosphate 
0 2 gram magnesium sulphate 
0 02 gram calcium chloride 
3 drops of a 10 per cent solution of ferric chloride 
1000 cc tap water 

The solution was rendered slightly alkahne to phenolphthaleiii 
by means of sodium hydrate The solutions were carefully inoc- 
ulated to prevent contamination, by means of a sterile platinum 
loop and placed m the incubator at 26°-2S'’ C for one month, 
after which they were transferred to Kjeldahl digestion flasks, 
30 cc concentrated sulphuric acid added and boiled on the diges- 
tion shelf until frothmg ceased®, then about 12 grams of a mixture 
of K2SO4, PeSOi and CUSO4 (in the proportion of 10 to 1 to §)were 
added and the digestion continued for another hour or more When 
cool the digested solutions were transferred to copper distilling 

1 These organisms are described by Holm Bull No 197, Cal E\pt Sti 
tion 

-Used by Lipman and Brown New Jersey Agr E\pt Station, Bui c m 
No 210 

3 The method for the nitrogen determination used is given in detail because 
it presents some new modifications which allow of rapid and accurate wor , 
as shonn by tests in c\periments which will be published shortlj 
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flasks, diluted to proper volume, an excess of Ije added, also 
some powdered zinc to prevent bumping and the ammoma dis- 
tillmg over was caught m ^ HCl The excess of the latter 
was titrated against NH4OH, and the amount of nitrogen 
fixed calculated m milhgrams Several stenle controls were run 
with each senes The results of the first senes follow 


TABLE I 


SO 

SAME 

roxrvD 

1 nitrogen 

1 rncED 

1 

1 Saccharomj ces apiculatus 

1 

1 1 75 

' msf 

I 0 84 

2 

1 Saocharomj ces elbpsoideus champagne 

1 87 

0 96 

3 

1 Saccharomj ces cerevisioe, carlsbergensis 

1 87 

' 0 96 

4 

1 Saccharomj ces elhpsoideus, Sternberg 

1 09 

0 IS 

5 

Saccharomyces cerevisioe, Distillery R- 

1 1 04 

0 13 

6 

Saccharomj ces elhpsoideus, Bioletti 

1 1 01 

0 10 

7 

I Mj coderma vim 

' 1 40 

0 49 

8 

1 Pseudo least, Tulare No 46a 

1 26 

0 35 

9 

1 Pseudo jeast, Tulare No 46b 

2 38 

, 1 47 

10 

I Pseudo j east, Tulare No 45b 

0 91 

1 0 00 

11 

1 Pseudo veast, Tulare No 2Sa 

1 12 

' 0 21 

12 

1 Pseudo jeast, Tulare No 26 

1 26 

' 0 35 

13 

j Pseudo \ east, Tulare No 37 

0 95 

0 04 

14 

Aspergillus mger 

1 40 

, 0 49 


Eiery culture seems to show an mcrease of mtrogen except 
nos 10 and 13, but it maj also be probable that the amounts 
fixed m nos 4, 5, 6 and 11 may he withm the limits of error, and 
possibly even nos 8 and 12 may be mcluded m this hst Never- 
theless, there is a distinct fixation of mtrogen m nos 1, 2, 3, 7, 9 
and 14, or m six out of fourteen cultures, and it is mteresting 
to note that of these six, three are true j easts, one a mj coderma, 
one a pseudo yeast and one a mold The largest amount fixed 
m this senes was that m no 9 by the “pseudo yeast” called 
Tulare no 46b 

It n ould seem therefore that these results are a further confirma- 
tion of those of Saida, Punewitsch, Temetz, Frohhch, Zikes and 
others aboxe mentioned, and it is especiallj mterestmg to note 
that the organism m the senes above given nhich showed the 
largest fixation of nitrogen is \erj much like the Tonda inesnen 
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^^Jth ^vJuch Zilces worked and A\hich fixed considerably more 
nitrogen 

1 liat fixation sliould further have taken place m cultures repre- 
senting the various classes of organisms experimented with, 
confirms the M'ritcr in the belief which he has held ever since these 
investigations were begun that the power of fixing atmospheric 
nitrogen though perliaps not a universal one among the lower 
plants is yet a very widespread power among the fungi The 
fixation of nitrogen by'^ true yeasts is, so far as the writer is aiiare, 
the first one described as such in the literature on the subject and 
adds nnotlier class of organisms to the now' rapidly' growing list 
of those w'hich seem to be possessed of that power It must 
also be mentioned here that the culture solution used above 
w hilc a very good one for organisms of the Azotobacter group is 
not necessarily' a satisfactory' one for the orgamsms studied and 
was only' employed because of the fact that so many different 
oiganisms were used and further obviously' that no information 
IS available as to what constitutes a good medium for nitrogen 
fixation for each class of organisms tested It is possible, for 
example, that the alkaline reaction of the culture solution which 
IS so necessary' to the fixation of nitrogen by Azotobacter may be 
rather a hindrance than otherw'ise to the nitrogen fixing powers 
of Aspergillus nigci or even the y'easts Despite that, however, 
w e hav'e evidence of a pow er of nitrogen fixation, more or less 
pronounced, m each of these classes of organisms 

Senes II 

Owing to the fact that the zy'mologist values dexiirose so higlilj 
as a medium for fermentation by' y'easts, it w'as decided to arrange 
a senes like the preceding but to substitute dex-trose for mannite 
The solutions were distiibuted m 100 cc portions m 500 cc 
Erlenmey'er flasks as described in the first senes, and after t le 
requisite sterilization and cooling were inoculated from the beer 
w'ort cultures of the organisms tested The incubation was 
carried out in the same manner as in the preceding senes, a cr 
which the solutions were analyzed for nitrogen according 
modification of the Kjeldahl method above describe 
results of the analyses follow' 
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TABLE n 


I VITROGEN ' VrmOOES 

s j rousp j fixed 


1 

1 

Saccharomi ces apiculatus 

1 "5 1 

' 3 37 1 

0 92 

2 

Saccharonw ces ellipsoideus, ckampagne 

( 2 69 

0 24 

3 

Saccharomj ces cerensioe, carisbergensis 

4 19 

1 1 74 

4 

Saccharomj ces ellipsoideus, Steinberg 

3 43 

0 9S 

5 

Sacebaromj ces cerensioe, DistiUerj R 

3 99 

1 

6 

Saccharoniv ces elbpsoideus, Bioletti 
Saccharomj ces ellipsoideus, Burgundj 

' 2 63 

0 IS 

7 

3 59 

0 14 
) , 

8 

jMj coderma a ini 

4 24 

1 79 

9 

Pseudo j east, Tulare Xo 46a 

4 73 

2 28 

10 

Pseudo J east, Tulare Ko 46b 

3 71 

1 28 

11 

Pseudo J east, Tulare No 45b 

2 52 

0 07 

12 

1 Pseudo a east, Tulare No 2Sa 

' 4 54 

2 09 

13 

1 Pseudo J east, Tulare No 26 

3 50 

1 05 

14 

j Aspergillus niger 

4 63 

2 23 

15 

1 PenicilUum glaucum 

i 3 15 

1 70 


A glance at Table II shows the influence of the kind of medium 
on the amount of nitrogen fiAcd Not onl5 does de'rtrose al]oi\ 
of a much larger fixation of mtrogen bj the same orgamsms which 
shoT\cd fixation in manmte solutions but it allows other orgamsms 
to fix nitrogen which showed but a small mtrogen fixmg power 
or none at all in the other medium This is a factor which can- 
not be 01 erlooked in considenng the practical phases of nitrogen 
fixation as related to the mtrogen supply for plants m the uni- 
1 erse Here agam, it would appear, the pseudo j easts are more 
efficient at mtrogen fixation, when showmg that power at all, 
than the true j easts For Aspergilhis mger ue find dextrose to 
be far superior to marmite as a source of energj’’, and ne find it 
to Ime a power of mtrogen fixation in the medium which corre- 
sponds closelj to that exhibited bj the same organism m the hands 
of other imestigators aboie mentioned Penicilhum glaucum, 
too, manifests a definite power of mtrogen fixation m dextrose 
solutions and this again corresponds to the results obtamed b3 
other ini estigators whose work is aboie reviewed 
He find thus that at least ele\ en of the fifteen organisms above 
tested show more or less pronounced powers of fixmg nitrogen 
Oinng to the higher content of nitrogen m the tap water used at 
tins time and also the higher content of mtrogen m the Ije and 
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acid used m tlic nitrogen determinations, ive find a much higl.tr 
blank liere, but several lilanks were analyzed and the clo^e 
agreement between them showed the results above given to be 
trustv 01 i hy It should be mentioned here that the sterile blanks 
m all these senes vcrc not merely analyzed from the original solu 
tion but vere inoculated like the cultures, then sterilized andincu 
bated side by side with the cultures for the same length of time It 
is interesling to note here that the amount of visible growth cannot 
be directly correlated with the amount of nitrogen fixed, for sev- 
eral of the cultures which appeared to have made only a small 
amount of groiHli showed quite a considerable fixation of nitrogen 
I presume that this has been observed bj’' other investigators work- 
ing on this problem and is probablj’' due to the fact that some 
of the nitrogen compounds produced are soluble and diffusible and 
therefore gn e no visible evidence of their presence It is hardly 
necessary to add here that despite the favorable constitution of 
the medium employed it is not ncarl}'^ so favorable for the growth 
of the organisms tested as the beer wmrt in which the stock cul 
tures were kept as can be noticed particularly in the cultures of 
Aspergillus mger and Penicillntm glaucum where the membranes 
formed in the dexirrose solution are very thm and light m color and 
the spore production much smaller, than m the beer wort cultures 

Series III 

As explained above the culture solutions employed in the pre- 
ceding series wmre prepared with tap wxater and the necessary sugar 
and salts added It appeared to the wTiter that a more rigid 
test of the powmr to fix nitrogen possessed by the organisms m 
question should be made It seemed desiiable to see if, like the 
nitrogen fixing bacteria of the Azotobacter group, they had t e 
powmr to fix nitrogen in mtrogen-free solutions or solutions w iiic 
are practically nitrogen-free It was also thought desirable to 
test the comparative values of manmte and four of the sugars m 
such nitrogen-free solutions as sources of energy for the organisms 
To that end solutions like the one described above w'ere prepare 
but distilled water, free from ammoma, was substituted for taP 
water The salts employed being chemically pure and used on y 
in small quantities as noted, could not contain more than a ra 
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of nitrogen The sugars emplojed besides mannite -were dex- 
trose, maltose, lactose and saccharose These rvere all chemi- 
callj ’pure and thus the solutions when made up could only con- 

tarn traces of combined mtrogen 

A change m the method of preparmg the cultures m addition 
to the above should also be noted here Twenty', instead of 15, 
grams of sugar were added to each hter of solution The latter 
was distnbuted m 50 cc portions m 250 cc Erlenmejer flasks 
each of which therefore contamed 1 gram of mannite or sugar 
The moculations and incubation were earned out as m the pre- 
ceding senes except that the cultures m the maltose, lactose and 
saccharose solutions were meubated for twenty -five days instead 
of one month as were all the others The supenor nature of the 
tap water as compared with the distilled water was seen early' in 
the incubation penod The growth m the distilled water cultures 
vas much slighter and this was particularly' noticeable m the case 
of the molds The results of the mtrogen determinations fol- 
low , all arranged m one table so that the vanous sugars may be 
readily compared 

The results in Table III show clearly that every' one of the 
orgamsms tested possesses a power, more or less marked, of fix- 
ing atmosphenc nitrogen In some cases that power seems to 
be so slight mdeed as to be neghgible but m most cases it is very 
distinct and defimte The next stnkmg fact which presents itself 
for consideration m an examination of the foregomg table is the 
great difference m the mtrogen fixmg power, of the several organ- 
isms tested, in the different media While manmte seems to have 
been the most faiorable source of energy' for the largest number 
of orgamsms tested, some of the sugars employ ed allowed of the 
fixation of nitrogen by orgamsms which did not fix any' mtrogen 
at all in manmte solutions 

The highest amounts of mtrogen fixed were qmte considerable 
and compare well with the amounts fixed by pure cultures of Clos- 
iridiim pa’ilonaniim and some of the less mgorous species of the 
Azotobacter group We find here agam in the dextrose and lac- 
tose solutions a confirmation of the work of other investigators 
aboa e mentioned with respect to AspergiUxts niger, and m the 
mannite solutions mth respect to Pemcillium glaucum While 
the amounts fixed are in most cases not as large in these distilled 
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tabll nr 


11 2C0 14 


.s 

n 

w 

11 

12 

13 

14 
If) 


S'u ('ll iroinj CCS npiciilalus 
Sitcclinromj ccs cllipsoKlcus, 
(.linmp'ignc 
S'lcdiiirom^ccs ccrcMsioe, 
carlsprgcnsis 
S!iccIinrom\cc3 cllipsoulcus, 
Steinberg 
Sncclinromj ccs ccrc\ isioc; 

Distillery H; 

S icclinromj ccs ollipsoideus, 
Biolcfti 
Sncch iromj CCS ollipsoideus, 
Burgundy 
IVrjcodcrnu Mni 
Pseudo yenst, Tuhro No 
4G 1 

Pseudo yeast, Tulare No 
dOb 

Pseudo yeast, Tulare No 
2Sa 

Pseudo y'cast, Tulare No 
20 

Aspergillus niger 
Pcnicilbum glaucum 
Botrytis cincrea 


nrvTnosi 


I'lItroRcn 


CTd 

'1 05 




2 38,1 540 70. 


!l 78 0 GOO 84 


P 50 


'lAWlW 

MALTOSE 

LACTOSE 

SICOIA 

EOsE 

NltroRcn 

N^ltrogcn 

Nitrogen 

NltrOfceii 

s 

T3 

1 

•a 

1 

C -3 

■3 

c 

3 

0 

.3 

0 


1 1 1 

? 

0 

M 

C 


mg 

mg 

mg 

mj mj 

m; 

r; 


|1 SSp 70,0 98,0 14 0 90,0 20,0 73 


1 400 560 70 


ll 260 141 120 280 70, 


11 210 09 0 78 


1 12 
1 710 59,’0 S4' 


1 21 


1 790 990 9S0 3o 

I 

0 66 0 9S0 h 

0 li U 


|l 16.0 360 9S0 3o 
1 120 ‘!9 
jl 05'0 SS'I 34'0 54,0 840 21 


2 101 26,0 35, 


3 54.2 


2 741 

ll 36'0 60 !i 61'o 710 


0o,0 42 


P 091 16 0 32,0 70 


I 050 25,0 700 07 


1 24 0 12 3 78 2 94 0 94,0 24 0 97,0 17 


0 S4 0 21 


1 40,0 28,0 70, 


!l 58 0 SSp 84 0 04 0 84 0 21 


1 82 0 70 1 54 0 70 0 41 
1 75 0 63,0 98,0 14 0 59l 


1 08,0 28 , 

2 isjl 33;0 S4;0 21 


1 12j' 2 SO I 96 0 75 0 05 0 850 05 

1 26;0 14 3 22 2 380 70 |o 63, |0 63| 


water media as in tlie tap water media, they are in many cases 
definite enough to remove any doubt that these organisms arc 
possessed of the power of fixing afcmosplieric mtrogen, even if 
amounts below 0 3 mg nitrogen are to be attributed to experi- 
mental error which indeed the writer very seriously doubts 
There were slight losses of nitrogen from some of the culture solu- 
tions which can hardly be explained m any other way than by 
attributing them to experimental error It is very striking that 
organisms xvhich m their natuial habitats are accustomed to driv- 
ing their nitrogen supply from a plentiful store of that element 
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can be made to fix atmosphenc nitrogen in mtrogen-poor or mtro- 
gen-free solutions mth one of the sugars or mannite as a source 
of energ}’- ilaltose and saccharose do not seem to be nearly as 
well smted to the growth and development of the oigamsms 
tested as lactose, dextrose and mannite, the last seemmg to be the 
most favorable when the orgamsms are considered as a whole 
The largest fixation of mtrogen was 2 94 mg per gram of mannite 
fixed by Pseudo-yeast Tulare no 46b The next largest 2 74 
mg bj the Burgund} wme j east per gram of lactose and the next 
largest2 38mg per gram mamute by Boiri/iiscinerea Several other 
considerable amounts were fixed by other orgamsms m m anni te 
and lactose solutions which two seem to be the best smted for the 
fixation of large amounts of mtrogen m distilled water cultures 


general discussion 

A careful consideration of the data above given bnngs further 
confirmation of the work of other mvestigators to the effect that 
the power of fixmg atmosphenc mtrogen is possessed by many 
of the lower orgamsms which differ widely m them character 
Though the amounts fixed by them, as shown above, are not as 
large as those fixed by B radicicola m conjunction with the legu- 
minous plants nor j et as large as those fixed by the more vigorous 
species of the Azotobacter group, they are none the less defimte 
an considerable To the list of orgamsms which can fiix atmos- 
shown by former mvestigations may now be 
a e t e true j'easts and the “pseudo yeasts,” besides Botryiis 
anerea, an organism whose parasitic nature would seem to have 
depni ed it of any mtrogen fixmg power whatever This m itself 
IS a leo^ mtererting and stnkmg fact The fixation of mtrogen 
.ecms o !ive been made easier for the organisms m tap water 
solutions than in distilled water solutions owing to the small amounts 
o combined mtrogen present m the former The mtrogen fixed 

^ a "°^“ble nature smce 

woidd "^tion was often noted m solutions where the growth 
vould not seem to mdicate it The conclusions of DuggS 

LscnSd ""'ll /r by tbe mvestigatior^ above 

descnbcd An effort is now bemg made bj the wnter to carry 

'Science, N S , xxxm, p jgjj 
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out some experiments on the fixation of nitrogen by fungi sunilar 
to those ■mth which Duggar and ICnudson worked and it is hoped 
that the results may be available for publication m the near future 
The objections of Czapek to the work of Puriewitsch and Saida 
nould not seem to be valid m view of the venter’s experunents, 
since the method of nitrogen determination employed as aboie 
described has been carefully tested in my laboratory, allows of 
a close agreement between duplicate senes of deternunations, and 
has given most satisfactory results m other phases of microbio- 
logical work 


SUMMARY or RESULTS 


1 Of eighteen organisms, including yeasts, pseudo yeasts and 
molds, tested nearly all show a more or less pronounced power of 
fixing atmospheric nitrogen 

2 Tap V ater sugar solutions are better smted for nitrogen 
fix'ation by the organisms tested than distilled water solutions 

3 Mannite and lactose solutions are far superior to dextrose, 
saccharose and maltose solutions for these orgamsms in Astilled 
water, but dextrose is the best m tap water solutions a °se 
IS the most unsatisfactory 

4 The highest amount of mtrogen fixed was 2 94 mg p gr 
of mannite by pseudo yeast Tulare no 46b m distdled water man- 


mte solution , „ „,|ro- 

5 The results of other mvestigators with reference to 

gen fixing powers of Aspergzlhts mger and Pemcilhwn glaucn 

^’*6 cinerea, a parasitic fungus, has been found for the 

first time, so far as the writer is aware, to possess a m g 


mg pow^er 

My thanks are due my 
for valuable assistance in 


former assistant, i\Ir J A McKeen, 
makmg the mtrogen determinations 



PHYTASE IN LOWER EIJNGI 


Bt AKTHUR W DOX akd BOSS GOLDEN 
{From the Chem'ical Section of the loicn Agriculluroil ETperimenl Station ) 

(Received for publication, August 7, 1911 ) 

The occurrence of an enzj-me tvhich catalyzes the cleavage of 
phytin mto mosite and phosphonc acid tvas first noted m rice 
bran bj Suzuki, Yoshunura and Takaisbi ^ These investigators 
found that vrhen nee bran tvas suspended in tvater and left for 
several daj s at room temperature the greater part of the orgamc 
phosphorus vent mto solution, and at the same time phosphonc 
acid vas formed at the expense of the organic phosphorus com- 
pound The same change vas also observed m the organic phos- 
phorus compound present m the oil cake of Brassica napus The 
mcrease in morgamc phosphorus was m both cases so striking as 
to suggest the possibihtj' that an enzjune might be responsible 
for the reaction This was proi ed bej ond all question by eirtract^ 
mg some fat-free nee bran with water, removmg the phosphates 
by means of banum chlonde, precipitatmg the enzyme with alco- 
hol, and testmg its actintj m intro upon a phytin solution Both 
phosphonc acid and mosite were identified m this case as cleav- 
age products of the phjdm 

It is probable that where phjdm occurs m plants it is usually 
accompanied bj the ensjune phytase which under proper condi- 
tions cEects the decomposition of this phosphatide In fact, the 
cnzjTne seems to be more widelj distnbuted m nature than phy- 
tin itself McCollum and Hart- tested vanous animal tissues for 
phydase, and found that hver and blood contamed this enzyme, 
although extracts of kidney and muscle did not Despite the 
fact that mosite is a well known constituent of animal tissues, 
phytin has not y et been isolated from them 

CoU \<jT Tot 10 , vu, p 495, 1907 
’Thi"' Journal, iv, pp 497-500 

1S3 
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The lower fungi, which numerous investigations have proved to 
ho such fruitful sources of all manner of enzymes, have not, to 
our Ivnovv ledge, been examined until reference to their phytm 
splitting power One of us' has shown that AspergiUm mga 
has the pow or of utilizing quite a variety of orgamc phosphonib 
compounds, among them pliji^m, as sources of phosphorus, and 
suggested that a cleavage of the phydin probably occurs before 
a‘?simiiation takes place Such a cleavage wnuld of course be 
accomplished by'’ means of an enzyme secreted by the mold It 
remained to be ascertained w'hether these lower fungi actualh 
do secrete a phydin-sphtting enzyme which would manifest its 
activity in the presence of a suitable antiseptic, and whether the 
enzyme w oiild be formed in the absence of an orgamc phosphoru'? 
compound from the culture medium 
The culture fluid used m these experiments was a slightly modi 
fled Rauhn's medium In order to reduce the amount of inorganic 
phosphorus that wmuld appear m the control tests, the ammonium 
acid phosphate prescribed by’’ Raulm wms reduced to 0 02 per cent 
The tartaric acid wms likewise reduced to one-half the usual amount, 
since the particular organisms under observation were found to 
thrive more vigorously in a less acid medium One hundred cubic 
centimeters of tins culture fluid wmre placed in each of a senes of 300 
cc Erlenmeyer flasks and sterilized m the autoclave Three well 
known species of Aspergillus w^ere inoculated from pure cultures, 
and cultures one and two weeks old, respectively, w’ere used m 
testing the phydm-splittmg powmr 

To distinguish betw'^een mtra- and extra-cellular enzyme, the 
mycelium and filtered culture medium were tested separately—n 
procedure followed by one of us- in a prevuous investigation on 
the catalase of molds The mycelium wms wmsbed wnth distiHe^ 
water, dried between filter papers, then divnded into twm portions 
of equal wmigbt Both portions wmre ground to a fine paste vn 
quartz sand, stirred with successive portions of wmter and decante 
from the sand until a complete separation wms effected To one 
portion of the turbid liqmd thus obtamed, 20 cc of a 1 percen 
phytm solution were added, and the total volume made up 


^Do\ This Journal, \, p 77, 1911 
= Dox Journ Amcr Chem Soc , \\\n, pp 1357-61 
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100 cc The other portion, to be used as a control, ivas diluted to 
100 cc vnth distilled iivater The filtered culture fluid ivas lihe- 
mse divided mto two equal portions, carefully neutralized, and 
made up to 100 cc , 20 cc of the 1 per cent phjTin solution being 
added to one portion, and water to the other In aU cases toluene 
as used for an antiseptic 

The enzjune solutions thus prepared were allowed to act for a 
penod of two weeks at a temperature of 28-30° At the end of 
that time, enzymic action was arrested by the addition of hj dro- 
chlonc acid to 0 2 per cent, and the morgamc phosphorus deter- 
mined by the method of Forbes ' In addition to control tests 
where the mold was allowed to autolyze, a check experiment was 
made with phytm solution alone, and the morgamc phosphorus 
there found was also deducted from that found in the solution 
contauung enzjTne and phj"tm The analytical data are given in 
the followmg table, where a represents morgamc PjOs m the myce- 
lial extract, f> the same m the filtered medium 


Cultures one veel old 
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Cultures two weeks old 


BPf CITB 

E^ZTME 

A^D 

rnvTiN* 

1 

ENTTKE 

alont: 

DiCBEASE 

Aspergillus mgcr 

Aspergillus mgcr 

0 03360 
0 04058 

0 00256 
0 00043 

0 02924 
0 03S39 

Aspergillus fumigalus 

Aspeigilliis fumigatus 

0 03244 

0 030G2 

0 00043 
0 00043 

0 0302a 
0 02S43 

Aspergillus clmntus 

Aspergillus clavatus 

0 032S6 

0 00310 

0 00572 
0 00034 

0 02o36 
0 00098 


* Pli> tin solution nlonocontalnod 0 00178 cm Inorganic P Oi 


The above data show an unmistakable increase of inorganic 
phosphorus resulting from enzymic cleavage of the phjdrm The 
greatest cleavage seems to have been effected by the enzyme from 
Aspergilhis mgcr In all cases the enzjone is present m both the 
intra- and extra-cellular form 


THE DETERMINATION OF CALCIUM IN THE PRESENCE 
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A j ear ago I pubbshed tbe details of a verj’- accurate method for 
tbe quantitative estimation of calcium and magnesium m the 
presence of phosphates and small amounts of iron ^ In the devel- 
opment of the method, accuracy was the first consideration, sim- 
plicity and rapidity having been deemed of secondary importance 
Dunng the past wmter, m the course of mvestigations m which 
many calcium determinations were necessary, a more rapid method 
appeared desirable The new method, therefore, has been studied 
with a nen to ascertam to what extent its details could be modi- 
fied m the direction of ease and rapidity of execution without 
essential loss of accuracy The present paper gives a report of 
these mvestigations Part I deals with pure solutions. Part II 
with modifications advisable m tbe case of urme 


PART 1 THE DETERMEvATION OF CAiCITOX IN THE PRESENCE OF 
MAGNZSnni AND PHOSPHATES 

The method is prenously published is earned out as follows 

The solution is brought to a volume of about 100 cc and two drops of 
alizarin red are added Ammonia is then added drop by drop until the red 
color of the alizarin just disappears (or, m the case of urme, until a pre- 
cipitate of phosphate just appears) Dilute hydrochloric acid is then added 
drop b\ drop until the red color of the ahzarm just reappears (or, m the 
case of urine, until the precipitate of phosphate just disappears) If the 
solution has become wanned bj the neutralization, a few drops of acid 


‘This Journal, viii, p S3, 1910 
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in c\tcss should be lulclcd io insure complete solution of the cilciumpbo 
plintc, tlie solution cooled snd the neutralization repeated After tie 
solution IS just and to alizarin, 10 cc of ^ hydrochloric acid andlOcc cl 
2 5 jier cent oxalic acid are added and the solution is brought to the boiling 
lioiiit and Ivcpt gcntl3 boiling until the calcium oxalate is coarseK granu 
lar J he flash should be kept covefred nith a ■« atch-glass to present spat 
tenng TJirce per cent ammonium oxalate is then added, a few drops at 
n tune, to the boiling solution, waiting after each addition until the reaiilt 
mg precipitate has become conrsel3 cr3stalline The amount of armnomum 
oxnlalo to be added depends on the amount of calcium in solution Twice 
the amount nccessar3 to combine with all the calcium is sufficient After 
the calcium oxalate has become coarsely cr3stallme and has settled to fie 
bottom of the flask, it should be frequcntl3 stirred up in the liquid to p^^ 
\cnt the latter from boiling over suddenl3 After the precipitate has be 
come cr3sfallinc md has settled, the solution is allow ed to cool to room 
temperature When cold, S cc of 20 per cent sodium acetate solution are 
added to it slow I3 and w ith constant stirring The solution is then allowed 
to stand m a cool place from four to eighteen hours, filtered cold and washed 
free of chlorides w it h cold 1 per cent ammonium oxalate solution The p^^ 
cipitnte IS allowed to dr3 and then incinerated withthefilterpapennaphti 
num crucible It is finnll3' heated in a blast lamp to constant weight 
Details for the determination of magnesium need not be given here 

The points investigated were the following (1) The possible 
substitution of ordmarj'^ concentrated hydrochlonc acid for \ 
Iij’^drochlonc acid, the possible omission (2) of ammonium oxa- 
late, (3) of oxalic acid, (4) of heating, (5) of standmg overnight, 
(6) the possible substitution of shakmg for either heatmg or stand 
ing over night, (7) the determmation of the calcium oxalate b} 
titration with potassium permanganate, (8) the separation and 
xvashmg of the calcium oxalate by’- means of the centrifuge instead 
of by filtration 

Vanous combmations of these changes were tried Each change 
in detail w^as considered with respect to accuracy, simplicity an 
rapidity 

A Gkavimetric Detehminations 

1 Use of concentrated hydrochlonc aad instead of hydrochloric 
aad A number of determinations on different samples of aci 
showed that ten drops of concentrated hydrochlonc acid (sp 
gr , 1 20) from a 5 cc pipette are practically equivalent to 10 cc 
of ^ hydrochlonc acid Smee good check results vere ana^s 
obtamed m a large number of determinations m vhich conce - 
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trated hydrochloric acid was used instead of ^ acid, this modi- 
fication of the procedure was adopted and used throughout m 

the analyses reported m this paper 

A solution of calcium chlonde was prepared and the calcium m 
50 cc determined by the standard method already described 
with the followmg results ^ 

j 2 3 101 102 

0 1434 0 1433 0 1436 0 1434 0 1435 

The solutions filtered clear and no precipitate formed m the fil- 
trate on standmg This solution was used m the subsequent 
analyses numbered 4:-15 and 100-110 
2 Omission of boiling and omission of oxalic aad Analyses 
numbered 100 and 100a, were earned out just as were analyses 
1, 2 and 3, except that no oxahe acid was added and the solution 
was not boiled Nos 100b and 100c were earned out m the same 
way except that they were shaken ten mmutes after the addition 
of the sodium acetate mstead of standing over night 

IQQ IQOa 100b 100c 

0 1342 0 1303 0 1416 0 1433 

These results are very low, partly due to the passage of the very 
fine precipitate through the filter paper The next analyses were 
designed to detenmne whether the low results were due to the 
omission of the oxahe acid, of boilmg, or of both 
3 Omission of oxalic aad These analyses were earned out 
just as nere Nos 1, 2 and 3, except that the addition of oxahe 
acid nas omitted and an eqmvalent amount of ammomum oxa- 
late added instead 

* ^ 5 10* IWs 105 103a 

0 1432 0 1432 0 1433 0 1433 0 1430 0 1434 

The results are only slightly low, so that the omission of oxalic 
acid alone does not account for the low results of analyses Nos 
100 and 100a The precipitate is so fine, hon ever.thatitis trouble- 
some to nash it out of the flask and it clogs the filter paper so 

‘Ccrt-iin obscnations were cheeked by independent detenamations bv 
a second chemist (Miss Talcs) These check analjses are designated by 
numbers abo\ c 100 ^ 
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tliai the liquid filters very felowly Sometimes a slight cloudmei. 
IS observed m the filtrate, this m time settles out a little and cm 
bo seen v hen the filtrate is shaken This is probably due to the 
fraction of a milligram of calcium oxalate which passes through 
the paper and is icsponsiblo for the slightly low results The 
fineness of the precipitate can be accounted for by the omission 
of the oxalic acid Calcium oxalate is somewhat soluble in an 
acid solution so that when oxalic acid is added a part only of the 
calcium oxalate is precipitated Boiling makes the precipitate 
still more soluble It is a well-lcnoum fact that if a crystalline 
jirecipitatc is somewhat soluble, the crystals grow larger— the 
smaller cr3'stals gomg into solution, the larger crj’-stals growmg 
by accretion And so, m the case of the calcium oxalate, diges- 
tion in the hot acid solution gives the precipitate an opportunity 
to form in largo crystals, and when the ammomum oxalate and 
sodium acetate arc subsequently added the rest of the calcium 
oxalate comes down and precipitates partly, at anj'' rate, on the 
large crj^tals The digestion over night bnngs about further 
grovrth of the large crystals at the expense of the fine precipitate 
4 Omimon of boiling Two analj’’ses were earned out just 
as were Nos 1, 2 and 3, except that the solution was not heated, 
precipitation talang place m the cold The results were 

6 7 

0 1425 0 1420 

Although low, they'’ are not so low as the results of Nos 100 and 
100a The low results of Nos 100 and 100a are therefore not due 
to omission of either oxahe acid or of boiling alone but to the omis- 
sion of both The precipitate is so fine that some may pass 
through the filter A filtrate which is apparently practically clear 
at first may show a fine precipitate on standmg over mght ni- 
tration is slow for the fine precipitate soon clogs the paper The 
fineness of the precipitate is accounted for by omission of diges- 
tion m the hot liquid as ex^plamed above One advantage in t e 
omission of heating was noted, viz the precipitate does not stick 
to the sides of the flask and hence less water is necessary m trans- 
ferring it to the filter paper 

5 Substitution of shaking for standing over night I'OJJ 
analyses were carried out as were Nos 1, 2 and 3, except tba o 
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flasks ^eie closed vath rubber stoppers and shaken for ten minutes 
after the addition of sodium acetate instead of bemg allorred to 
stand over night 

9 10 109 110 

0 1436 0 1435 0 1434 0 1436 

6 Shaling instead of loihng h^ore adddion of sodium acetate 
When the procedure used m Nos 1, 2 and 3 was modified to the 
extent of shaVmg ; for ten mmutes after the addition of ammomum 
oxalate and again for ten mmutes after the addition of sodium 
acetate, boihng after the addition of both oxahc acid and ammo- 
mum oxalate bemg omitted, it was found that the precipitatewas 
fairly coarselj crystaUme, filtration was easy and no precipitate 
appeared m the filtrate upon standmg Assummg that the results 
would have been correct, the precipitates were not igmted and 
weighed 

7 Omission of bmhng, shafang instead of standing over mghi 
In analj'ses which were earned out exactly as were Nos 6 and 7, 

(i e , boihng omitted) except that after the addition of sodium 
acetate the flasks were closed with rubber stoppers, the solution 
shaken for ten mmutes and filtered immediately instead of after 
standing o\er mght, a very fine precipitate passed through the 
paper as m anali^ses Nos 6 and 7 For this reason the analyses 
were not finished 

In analj'ses m which both boihng and standmg over.mght were 
omitted, the flasks bemg stoppered and the solutions shaken after 
the addition of the oxalic acid, after the addition of the ammomum 
oxalate and agam after the addition of the sodium acetate, it was 
found that the precipitate was coarsely crystaUme, filtration was 
easj and the filtrate remained clear upon standmg Assummg 
that the results would haxe been correct, the analyses were not 
fimshed One adiantage m shakmg as compared with heatmg 
IS that the precipitate does not adhere to the sides of the flask 
and hence is easilj washed on to the filter It is a question, 
howexer, which is the simpler techmque 
The same result was noted m analj'ses m which boihng and 
standing oxer mght were omitted, the flasks bemg shaken for ten 
minutes twace, xaz after addition of oxahc acid and after addition 
of sodium acetate 

I< IS 

0 1434 0 1435 
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Tlio rosulls arc correct, precipitates coarsely crystalline, filtration 
easy, the filtrates icinaining clear on standing The precipitate 
docs not adhere to the sides of the flask 

The results' thus far outlined indicate that, in carrying out the 
met, hod, 10 drops of concentrated h3'^drochlonc acid may be used 
instead of 1 0 cc of ^ acid , that the oxalic acid should not be omit- 
ted, that boiling maj'’ be omitted if the solution is shaken for ten 
minutes after the addition of the oxalic acid, and that standing 
over night may be omitted if slialang for ten mmutes after the 
addition of the sodium acetate be substituted 


B Titration hith Potassium Permanganate 

The nexi; expenments nere designed to determine whether the 
Calcium could be accurately determined b}'^ titration of the oxalate 
with potassium permanganate This method is sometimes recom 
mended, but as ordmanly carried out it can not give absolute) 
acouiatc results It has been shoira by Richards* and myse 
that if the calcium oxalate precipitate be washed with distille 
water, some dissolves, making the results low If t e pre- 
cipitate be washed wnth dilute ammomum oxalate solution m tne 
manner desenbed, the ammomum oxalate clinging 
cipitate wall react with the permanganate and the '■^^ult wi 
higli It seemed probable, however, that if the precipi a e 

w^ashed free of impunties watb dilute ammomum oxala e and then 

washed a few times with very small amounts of cold disti . 

allowang thorough draining after each w'ashmg, these err 
L muumized Accordingly, three sets of analyses were made 

1 Calcium oxalate w as precipitated, filtered and^ w 
dilute ammomum oxalate m the usual manner 
was then titrated with potassium permanganate 
much too high wmshmg wnth ammomum oxalate makes 

X These conclusions are based not only o- 

upon similar results of a number of other “Xparatmn for the volu- 

o/'i Acad of Arts and Sciences, .xxvi, p 277. 1901 

sLoc cil 
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2 Calcium oxalate, precipitated and filtered as before, was 
-washed -with cold distiUed -water Titration with permanganate 
indicated the extent of loss caused bj the solubihtj of calcium 
oxalate m distilled water 

3 Calcium o-mlate, precipitated and filtered as before, was 
washed free from chlondes with 0 5 per cent ammomum oxalate 
solution This was followed bj washmg three times with cold 
distilled water, each tune usmg only enough to fill the funnel 
one-half to two-thirds full and allowmg thorough drammg each 
tune 

For these analj ses a new solution of calcium chlonde was used 
Three determmations of the calcium m 50 cc by the standard 
method yielded the foUowmg 

16 17 18 

0 1500 0 1501 0 1502 

The results of the three sets of analj ses outbned abo\ e were as 
folloi\-s 

1 IPoshitig mlh 0 5 per cent ammonium oxalate 

22 23 

0 1545 0 1554 

2 Washing mth distilled water 1 

24 2» 

0 1497 0 1497 

3 Washing with ammonium oxalate and then mlh distilled water 

26 27 

0 1502 0 1501 

These results show that calcium maj" be detenmned by titra- 
tion of the o-valate with potassium permanganate if washmg with 
dilute ammonium oxalate is followed bj washing three or four 
times with cold distilled uater 

C Effect or Uric Acid 

In considcriDE the applicabilitj of the method for the estimation of cal- 
cium in the urme the possible effect of the presence of uric acid had to be 


Ut Vlas noted in these and other analj ses that the size of the ciystals 
makes as great or greater difference than the nature of the washmg fluid 
If the precipitate is coarselj crjstallinc, eien cold distilled water alone 
mnj be used for washmg If the precipitate is verj fineh crjstallme, even 
0 5 per cent ammonium o-calate carries a little into solution which precipi- 
tates out later ^ 
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fletenmncd hen enlcium js precipitated as oxalate in neutral or shghil) 
acid Bola< ion nnd allow cd to stand over night, uric acid may beprecipitaied 
Such confaminnlion of the precipitate would not affect the accuracy of the 
graMiriefne method, since the precipitate is ignited before weighiag It 
would, flow over, interfere with the volumetric method The possible pre- 
^ ention of the precipitation of uric acid will be discussed later Oa the 
assumption that it is precipitated, as a means of getting rid of it I have 
thought of washing the calcium oxalate w'lth sodium hydroxide solutioa 
It WHS found, however, that even fairly strong sodium hydroxide does 
not casilydissolv c the uric acid contaminatmg a calcium oxalateprecipitate 
furthermore, even dilute sodium hydroxide dissolves some of the calcium 
oxalate 1 hnv c concluded, therefore, that if calcium oxalate, precipitated 
from urine, is contaminated with uric acid, as indicated by a reddish coioi 
of the precipitate, the calcium should not be determined by titration 

D Use op the Centrifuge 

A number of experiments vrere undertaken to determme whethenl 
might not be of advantage to use the centrifuge m separating and washuig 
the precipitated calcium oxalate instead of filtering in the usual w’ay They 
show ed that w lulc accurate results may be obtained by its use, the woil 
inv olved nnd time consumed is greater than w'hen filtration is employed 

E Use or Gooch CnuciDUB on Hardened Filter Point and Suction 

When Gooch crucibles were tried, it was found that thin layers of abes 
tos did not retam the precipitate Where layers thick enough to retain the 
precipitate w ere used, they soon clogged up and prevented passage of fluid 

F Effect or Phosphates, Magnesium and Small Amounts of Iron 

UPON the Results 

In order to convince myself that the presence of magnesium, phosphates 
or iron wmuld not affect the accuracy of the calcium determination if hoi 
mg and standing over night were omitted, the following analyses were made 
Nos 70 and 71 were carried out on a pure calcium chloride solution, Nos 
72 and 73 on the same solution to which were added equivalent quantities 
of magnesium chloride and sodium phosphate, together with a little ferric 

ammonium sulphate 

70 il 72 73 

0 1377 0 1377 0 1376 0 1377 

♦ 

PAET 11 THE DETERMINATION OP CALCIUM IN URINE 

Tlie method -which has been described in Part I, -when appheil 
to the estimation of calcium m urine, gave accurate results Cer- 
tain steps in It -were, however, found to be unnecessary, even mad- 
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visable, ovang partly to the small amoimts of calcium, partly to 
the character of the urme 

Fresh urme from a number of subjects 'was mixed and the cal- 
cium content m 200 cc estimated by the method descnbed last 
year The results follow 

1 2 

0 0242 0 0242 

1 Omission of ammonium oxalate Two analyses m which 
the addition of ammonium o'xalate was omitted showed that this 
reagent was superfluous m the estimation of calcium m urme 

3 < 

0 0243 0 0242 

2 Shot ing instead of standing over night It has been shown 
in Part I that shakmg of the solution may be substituted for 
standing over mght when there is considerable calcium present 
The fine precipitate which comes down on shakmg after the addi- 
tion of sodium acetate has m that case a large amount of coarsely 
granular precipitate to which to attach itself In the case of 
urme the amount of precipitate that comes down before add- 
ing sodium acetate is small Hence shakmg for ten nunutes 
IS msufficient to give a coarsely granular precipitate In two 
analyses, m which this modification was mtroduced, the calcium 
oxalate is as so finely divided that some passed through the filter 
The analyses therefore were not fimshed 
3 Effect of hoihng the solution In all these analy^ses filtra- 
tion IS as sloss and washmg of the precipitate difficult because 
the filter became clogged When boihng was omitted this was 
not the case Boilmg seems to precipitate a very small quantity 
of sticks, shmy substance, possibly' mucus, which coats the cal- 
cium oxalate precipitate and the filter paper, impedmg filtration 
Boiling also seemed to prev ent the formation of a coarse precipi- 
tate, for when the urine iv as not boiled the precipitate was coarse 
enough to be retamed by the filter 
It nas noted, further, that, if the urme is boded and then 
aliened to stand as usual over mght, the calcium oxalate precipi- 
tate IS occasionalh contammated "with unc acid In no case did 
this occur nhen boilmg was omitted While it is difficult to assign 
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n reason for this, the point is of interest, for the calcium can be 
dciernnncd bj titration \ntb permanganate if it can be precipi 
tated free from uric acid 

1 Shaking mslcad of hoihng Analyses carried out as directed 
in my previous papci, except that, instead of boiling the urme, 
it nas vigorously shahen in a stoppered flask, gave good results 
Filtration ^\ns easy and the filtrate remained clear 

0 10 

0 0242 0 0241 


5 Shaknig instead of hoihng omission of aminonnm oxalate 
In the analyses, the results of which follow, ngorous shakmg uas 
substituted for boiling and the addition of ammonium oxalate 
nas omitted The results are good, filtration was easy and the 
filtrate remained clear 

13 14 

0 0242 0 0241 


6 Omission of boiling and of ammonium oxalate shaking instead 
of standing over night In the analyses following, a mixed unne 
was used which gave 0 0275 gram of calcium oxide m 200 cc by 
the standard method It w'as found that shakmg could not be 
substituted for standing over night if the urine was boiled, because 
the fine precipitate so obtained passed through the filter This 
was not the case when the urme w as not boiled as the results of 
analyses 15 and 16 show 

15 16 

0 0274 0 0275 


Filtration was easy and the filtrate remained clear on standing 
7 Unne not boiled or shaken In the case of pure solutions, 
m w^hich calcium is fairly concentrated, it has been showm that 
either boiling or shaking is essential Neither is essential m the 
case of urine as is shown by the results of anabases 17-20 m w’hich 
both boiling and shaking were omitted In 17 and IS ammonium 
oxalate was added, not in 19 and 20 In all, the urme was allowed 

to stand over mght, after the addition of sodium acetate 


17 

0 0275 


18 

0 0275 


19 

0 0275 


20 

0 0274 


Filtration was more rapid in those analyses m ivhich ammonium 
oxalate was omitted 
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In the anaij sis of nrme, as in the case of pure solutions, the use 
of hardened filter pomts or of Gooch crucibles and suction iras 
found to be impracticable Concenung titration vnth perman- 
ganate, the considerations previously outlmed are apphcable It 
IS advantageous to use filtered urine for the analj^s, and in unnes 
vrhich contain small amounts of calcium, litmus paper should be 
used in adjustmg the reaction m the first step of the analj'sis 

summaht 

I For the determmation of calcium m pure solutions, nrhich 
may contam also magnesium, phosphates and small amounts of 
iron, or m the ash of food or feces, the best procedures as developed 
m this vrork are as follows 

Solutions REQUIRED 2 5 per cent ovahc acid, 3 per cent 
ammonium oxalate, 20 per cent sodium acetate 

1 The solution is brought toavolume of 75 to 150 cc Concen- 
trated ammoma water is added drop by drop till the solution is 
just alkaline, as shown either by the appearance of a precipitate 
of calcium and magnesium phosphates or by the use of an mdicator 
(alizann red or htmus paper) 

2 Concentrated hydrochlonc acid is added drop by drop until 
the solution is just acid, as shown either by the disappearance of 
the precipitate or bj an mdicator In the presence of iron an indi- 
cator must be used 

3 Ten drops of concentrated hydrochlonc acid (sp gr, 120), 
approximatelj equivalent to 10 cc of ? HCl, are added 

4 Ten cubic centimeters of 2 5 per cent oxabc acid are added 

5 Either of two procedures may here be used 

a The solution is boiled until the precipitated calcium oxa- 
late is coorselj crj stallme,*- and then an excess of 3 per cent am- 
inoniuni oxalate is slonlj added to the boilmg solution and the 
boiling continued until the precipitate is coarsely crystalline - 
b The flask, closed mth a rubber stopper, is shaken vigorousU 
for ten minutes An excess of 3 per cent ammonium oxalate is 
then added 


nothing precipitates at this point 
11 but little calcium is present, it is not necc^sara to add oxalate 
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() The solution is cooled to room temperature and 8 cc of 20 
per cent sodium acetate added (In ease of ash of feces, add 15 
ce ) 

7 Tlio solution may either be (a) allowed to stand over night 
or (6) stoppered and \ugorously shaken for ten minutes 

8 Tlie calcium oxalate is filtered off on a small ash-free paper 
■ind n ashed free from chlorides with 0 5 per cent ammonium o\a- 


late solution 

0 Either of tn 0 procedures may next be followed 
0 Tlie precipitate and filter are dried, burned m a platinum 
crucible to calcium oxide and brought to constant weight by heah 
mg m a blast-lamp 

b Tlic precipitate is is ashed three times mth cold distilled 
water, filling the filter about two-thirds full and allowing it to 
dram completely before adding more A hole is made in t e 
paper and the calcium oxalate w'ashed mto the flask The \ 0 ume 
of the fluid IS brought up to about 60 cc and 10 cc of concentra e 
sulphuric acid are added The oxalate is titrated imme a e j 
mth standard potassium permanganate 

Determination of magnesium in the filtrate may be carrie 0 
as described in my premous paper Or the filtrate may be evapor 
ated to drjmess in a porcelain dish after the addition 0 n 
acid and the residue heated over a free flame until the ammo 
salts are destroyed and the residue fuses After coo g, 
due IS taken up m wmter and a little hydrochloric aci , 
magnesium precipitated as usual Another ® ® 
destroymg the orgamc matter is to add 3 to 5 cc of 
sulphuric acid to the filtrate and evaporate m a 
flask until the water is removed The s^Phu™ ac 
be neutralized mth ammomum carbonate and the m „ 

of feces, cacned out .. the „s„. 

tho calcium ox-alate is apt to precipitate m “ 
condition Filtration is slow and loss may residt th 
This difficulty may be obviated as has been 
tion of IS ec instead of 8 cc o sodium acetate 
that, if the solution is kept cool, no pho p ^ 
brought down by this excess of sodium acetate 
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II For the determmation of calcium m urme, the foUo-svmg 
method is recommended 

Solutions needed 2 5 per cent oxahc acid, 20 per cent sodium 
acetate 

1 If the urme is alkahne it is made neutral or slightly acid 

2 The neutral or shghtly acid urme is filtered 

3 Tvro hundred cubic centimeters of urme are used for analj - 
SIS If onlj famtly acid to htmus paper, 10 drops of concentrated 
hjdrochlonc acid are added 

If the urme is strongly acid, it may be made just alkahne inth 
ammonia and then just acid mth hydrochlonc acid If the urme 
IS turbid or contains httle calcium, htmus paper should be used 
m determining these changes, otherwise, the appearance and dis- 
appearance of a precipitate of phosphates are sufficientlyaccurate 
mdicators Ten drops of concentrated hydrochlonc acid (sp 
gr , 1 20) are then added 

4 Ten cubic centimeters of 2 5 per cent oxahc acid are ne^t 
added 

5 Eight cubic centimeters of 20 per cent sodium acetate are 
added 

6 The urme is either allowed to stand over mght at room tem- 
perature or is shaken vigorously for ten minutes 

7 The calcium oxalate is filtered, and washed free from chlor- 
ides with 0 0 per cent ammomum oxalate solution 

8 a The precipitate may then be dned, igmted, heated m 
a blast-lamp to constant weight and weighed as calcium oxide 

b If free from unc acid, the calcium oxalate may be washed 
three times with distiUed water and estimated by titration with 
permanganate as descnbed m the outhne of the method for pure 
solutions 

Magnesium is determmed m the filtrate just as m the case of 
pure solutions 




A STirDY OF THE OPTICAL FORMS OF LACTIC ACID 
PRODUCED BY PURE CULTURES OF 
BACILLUS BULGARICUSi 

Bt JA2.IES N CURRIE 

(From the Laboraiory of AyncuVural Chemxslry, Unicersxty of Wisconsin ) 

(Received for publication, August 13, 1911 ) 

In 1906 GngorofP isolated a bacillus from yoghurt, the Bulga- 
nan fermented milk, Tvhich he named B buJgancus This name 
has since been used to mclude a general group of bactena, especially 
characterized by then abihty to produce a higher percentage 
of acid than other lactic acid formmg bactena This group of 
bactena attracted special attention after Metchnikoff' suggested 
that it be established m the ahmentary tract to prevent the growth 
of harmful orgamsms The mvestigations of Freudenreich* and 
Hastings^ ha\ e shown it to be of great economic importance m 
the dairj mdustrj 

Numerous observations have been made on the charactenstics 
of bactena isolated from a smgle source, which apparently belong 
to this group, but few studies have been made of the group as a 
vhole, vath a \aew of correlatmg the vanous strains Such an 
investigation, however, was made by Hememan and Hefferan'^ 
One of their conclusions was that the lactic acid produced was 

•Subnuttod to the facuUv of the Universitj of Wisconsin in partial ful- 
filment of the requirements for the degree of Doctor of Philosophy 
’Gngorofi Deutsche med Wochenschr , yxi, p 73, 1S95 
‘Mctchnikoff Prolongation of Life, p 161, 190S 
* 1 rcudcnrcich Landicirtschaftliches Jahrbuch der Schireiz, xviu, p 
525, inoi ’ • y 

•Hastings Science, ^ui, p 656, 1903 Hastings and Hammer Re- 
search Bulletin No G, Unii crsitv of Wisconsin -t-gncultural Evpenment 
Station 

•Hcincman and HctTcran Journal of Infectious Disca<^es, vi, p 301, 1909 
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always inactive Bertrand and Weisweilleri made a chemical 
studj of a culture of B hiilgancus obtained from MetclmikoB and 
found that the lactic acid produced ivas a mixture of the mactue 
'iiid (lextro forms Tlie lactic acid obtained from Cheddar cheese 
b} Su7uki, Hastings and Hart* was in some cases mactive and in 
others a mixture of inactive and dextro From these obsena 
tions we concluded that there were probably different strains oi 
B Inilfim icits which could be differentiated by the optical form of 
the lactic acid produced This belief, together with the hope of 
contributing something to the important problems of the relation 
of slcreoclicmistr}'' to biological processes, led us to undertake this 
investigation This paper is devoted to a discussion of the results 
ohtained and sonic of the literature bearing directly on this subject 
Certain points in the Iiistor 3 ’’ of lactic acid are of particular 
interest in connection ivitli this stud}' Lactic acid was discovered 
m sour milk bj’’ Scliecle about 1780 Liebig^ isolated an acid 
from muscle extract in 1847 wdiich be thought was identical with 
the acid of sour milk But the following year Englehart^ showed 
that the 7inc and calcium salts of the two acids differed in their 
solubilit}'’, water of hj'-dration and pomt of decomposition He 
concluded that the acids were not identical but isomeric The 
explanation of the isomensm of these two acids was a problem 
winch received the attention of nearly everj’" prominent orgamc 
chemist of the time In a paper published! m 1873 Wislicenus/ 
who had prevuousl}'’ shown that, of the tw o acids, only sarco or 
muscle lactic acid was opticallj’' active, summed up the evidence 
in favor of their structural identitj^ j^t dissimilar properties, and 
concluded that this could onlj'- be explained by assummg a differ- 
ent arrangement of the atoms m space He proposed to ca 
this tjTie of isomerism, geometrical isomerism Tlie influence o 
these speculations on the subsequent development of theoretica 
chemistry is apparent from the statement of van’t Hoff® tba 
the leflections wdiicli led him to Ins theory of the asymmetric 

iBertrandnnd Weisneiller Annales del’ InsMut Pasteur, \i,p 9//, 1900 

^Suzuki, Hastings and Hart This Journal, vii, p 431, 1910 

’Liebig Lnehig’s Annalcn, Kii, p 326, 1847 

’Englehart Ibid , Kv, p 359, 1S4S 

’Wislicenus Ibid , cKvii, p 302, 1873 

'van’t Hoff Introduction to Chemistry in Space 



James N Currie 


203 


carbon atom rvere suggested by the ideas of Wishcenus on the 
isomensm of sarco and fermentation lactic acids This problem 
was finally solved by a study of biochemical processes In 1889 
Nencki and Sieber’ isolated a micrococcus which m pure cultures 
produced onlj dextro lactic acid The foUowmg 3 ear Schardm- 
ger^ isolated a bacdlus which produced onl3' laevo lactic acid 
He mixed equal quantities of zme lactates prepared from sarco- 
lactic and from the laevo acid produced by his organism, and found 
that inactive zme lactate separated out This established bex’ond 
question the relation of the active and inactive lactic acids The 
resolution b3' chemical means of the inactive fermentation acid 
mto its active components has been accomplished b3' Purdie and 
Walker ’ 

It IS evident from what has preceded that fermentation lactic 
acid IS not, as is frequentl}- stated m text-books, alwa3's mactive, 
but ma3 also be either dextro or laevo rotator}-, accordmg to the 
type of organism emplo3ed m the fermentation Numerous at- 
tempts have been made to formulate a defimte relation between 
the ferment and the form of acid produced Nencki^ suggested, 
after isolatmg his dextro acid fonmng coccus, that an organism 
alua3-s produced the same optical form of acid, and that this would 
sene as a certam means of identification P^re^, Kayser® and 
Pottevm' ha\e obtamed results which mdicate that the same 
organism, accordmg to the conditions of growth, can produce 
either dextro, laevo or mactive acid The results of these French 
in\ estigators have been called m question b}- Kozai® m an mves- 
tigation to explam the paradoxical obsen-ation of Gunther and 
Thierfelder’ that, while the acid of spontaneous!}- soured Tmlk- 
u as usuall} inactii e, B ladis acidi, the chief factor m the sour- 
ing of milk, when m pure cultures produced only the dextro form 


'Nencki and Sieber Monalshefle fur Chcmie, x. p 532, 1SS9 
*&hardinger Monatshefle fur Chemte, n, p 545, 1890 

Tran^acnons of the Chemical Society, 1892, la 

<o4, loy2 

‘Ncncki Ccntralblatl fur BaUenologie, lx, p 301, 1891 
Peru Unalcs de VlusiUul Pasteur, vu, p 737, 1893, ai, p 63, 1898 
‘Kaiser fW , ix, p 737, 1895 
'Pottcun /tid,ai, p 49, 1898 
•Koiai Zntschnft fur Byyiene, xaa, p 337, 1899 

unt cr and Thierfelder Archir fir Hygiene, xxv, p IW, 1895 
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solution to relensG the lactic acid from its calcium and casein 
combinations, and the lactic acid extracted with ether m a 
Kutscher-Steudel continuous extractor for at least seventy-two 
hours If the solution did not then give Ufifelmann’s test for 
lactic acid, the ex*traction was considered complete After evap- 
orating off the ether the lactic acid was dissolved m water, a shght 
excess of zinc carbonate added and the solution boiled for several 
minutes The excess of zmc carbonate was then filtered off and 
the residue washed with hot water The filtrate and washmgs 
were evaporated to crystallization at 60°-70° C When crystals 
appeared, the solution was allowed to evaporate at room temper- 
ature until only a few cc of mother hquor remamed This was 
then set aside m a cool place and after a few hours the mother 
liquor was drained off and the crystals washed with a small vol- 
ume of cold water The mother liquor and washings were again 
evaporated for a second crop of crystals The zinc lactate recov- 
ered was combined and a portion of the air-dried salt dehydrated 
at 106°C Englehart^ showed that the zinc salt of the inactive acid 
crystallized with three molecules of water, while the corresponding 
salt of the active acid carnes but two molecules of water Owing 
to the small specific rotation (=±=3 o°) of the active acid a determin- 
ation of the water of hydration of the zmc salt has been generally 
regarded as the most satisfactory method for distmgmshing these 
acids When the zmc lactate is pure it dehydrates readily to a 
constant weight m from one to two hours, but when impure it 
loses the last traces of the water slowly and decomposes so readily 
that the point of complete dehydration is not sharply marked 
One part of the zmc salt of the inactive acid is soluble m 58 parts 
of water at 16° C and crystallizes out qmte pure At the same 
temperature one part of the zinc salt of either active acid is solu- 
ble m seventeen parts of water and generally carries enough impu- 
rities to make it dehydrate with difficulty In such cases satis- 
factory results were obtained by dehydrating 0 4 to 0 5 giam 
samples for fifteen minute periods until the loss m weight did 
not exceed 0 3 mg. The zmc oxide in the dehydrated salt was 
determmed m nearly every case as a check on the accuracy of 
the dehydration and the purity of the zmc lactate A satur- 


‘Englehart Zoc cil 
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ated solution of the zmc lactate was alwaj 3 examined m the polar- 
iscope before crj stalhzation In case this prelunmary examma- 
tion and also the water of hydration showed that the salt was 
probably a pure active zmc lactate, the specific rotation was deter- 
mmed at 22° C m a 4 dm tube and at a concentration of 4 122 
grains of anhjdrous zmc lactate per 100 cc The specific rotation 
of zmc lactate varies with the concentration At a concentration 
comparable to that used m these determmations Hoppe-Seyler 
and Arakd give 7 552° The rotation of the zmc lactate is oppo- 
site m agn from that of the free acid In order to get comparative 
values of the percentage of acid produced, 100 cc of sterile mfik 
were moculated with the pure culture and, after thirtj’- daj s mcu- 
hation at 38°, the acidity to phenolphthalem was determined by 
titration against ^ sodium hydrate, and the aciditj' expressed 
m per cent of lactic acid 

DISCUSSION OF DATA 

The cultures from human sahva designated I, n and in were 
obtamed by moculatmg sterile milk from three separate colonies 
on the agar plate The optical form of the acid and also the per- 
cent of aciditj” reached m thirty daj's mdicate that the cultures 
were all of the same bacillus In order to get some data on the 
form of acid produced under varymg cultural conditions, number 
II was grown m a medium containing 0 5 per cent of peptone and 2 
per cent of lactose and also on a medium contammg 0 5 per cent of 
peptone and 2 per cent of glucose Only a small amount of acid 
was reco\ ered from these cultures, but m both instances it was of 
the same optical form as that produced m stenle milk From 
these results we must conclude that, so far as this particular organ- 
ism is concerned, varymg both the source of mtrogen and of car- 
bohjdrate does not afiect the optical form of the acid produced 
The ether extract from these cultiues gave only a trace of volatde 
acids 

The morphologj and cultural charactenstics of the bacillus 
isolated from human feces were identical with those of the bacdlus 
from sahva This organism, like the one from saliva, produced 

'Hoppe-Seyler and Araki Zeitschnft fiir phystolomsche Chemie, ■ct 
P 3n, 1S95 j j f ^ , , 
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Data 


souncr op onoANisM 

DRATE 
■WATER JN 
Zn lactate 

ZINC O'aDE 
IN DEHY- 
. DRATED 
SALT 

OF Zn lac- 
tate 4 122 
GHAIIS 

OPTICAL 
FORM OF 
ACID 

ACIDITY 

IN TniHTT 
DATS 


per cent 

per cent 

per 100 cc 


per cent 

Theory for active acid 

12 89 

33 33 

±7 522 



Theory for inactive acid 

IS 18 

33 33 

=fc0 0 



Human saliva, I 

12 95 

33 38 

-7 28 

Dextro 

2 68 

Human saliva, II 

12 84 

33 27 

-7 10 

Dextro 

2 45 

Human saliva. III 

13 02 

33 33 

-7 10 

Dextro 

2 52 

Human saliva, II (peptone- 






lactose media) 

13 09 

33 14 


Dextro 


Human saliva, II (peptone- 






glucose media) 

12 83 

33 22 


Dextro 


Human feces 

13 02 

33 26 

-7 28 

Dextro 

2 56 

Duplicate culture 

13 13 

33 20 

-7 28 

Dextro 


Brewers’ malt 

12 38 

33 44 

~7 35 

Dextro 

1 40 

Duplicate culture (after 






steam distillation) 

12 95 

33 41 

-7 46 

Dextro 


Kraut 

12 07 

34 51 


Dextro 

1 47 

Duplicate culture (after 






steam distillation) 

13 21 

32 91 

-6 97 

Dextro 


Horse feces 

18 19 

33 38 

=fc0 0 

Inactive 

0 58 

Cow feces 

17 94 

37 14 

±0 0 

Inactive 

1 20 

Duplicate culture (after 






steam distillation) 

IS 12 

33 43 

±0 0 

Inactive 


Milk soured at 38° C , I 

10 39 

35 38 

+ 

X and 1 


Milk soured at 38° C , II 

18 01 

33 43 

+ 

X and 1 


Cheddar cheese I 

12 71 

33 33 

-7 45 

Dextro 


Cheddar cheese II 

13 27 


-7 46 

Dextro 

2 12 

Cheddar cheese III 

14 11 

33 53 


d and x 

2 02 

Cheddar cheese IV 

14 78 

33 50 


d and i 


Cheddar cheese V 

18 10 

33 51 

=fc0 0 

Inactive 

1 40 

Cheddar cheese VI 

17 94 

33 00 

±0 0 

Inactive 


Cheddar cheese VII 

17 91 

33 55 

±0 0 

Inactive 


Cheddar cheese VIII 

17 99 

33 87 

±0 0 

Inactive 


Cheddar cheese IX 

17 48 

33 22 

+ 

t and 1 


Cheddar cheese X 

17 24 

33 27 

+ 

X and 1 


Cheddar cheese XI 

12 98 

33 52 

+7 46 

Laevo 
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pure dextro lactic acid and also attained verj' nearly the same acid- 
itj-^ in 30 dal’s These results show the presence of identical, power- 
ful acid'producmg strains of B bidgancus m human sahva and 
feces 

The bacilli from kraut and malt were \ erj' similar to each other 
The per cent of acidity attamed was less than that of the cultures 
from saliva and feces, but the form of the lactic acid produced 
was agam m both cases pure dcvtro Both cultures contamed 
volatile acids approvimatmg 4 per cent of the total acidity The 
considerable volatdity of lactic acid with steam does not permit 
of an accurate determmation of small amounts of volatile acids 
m its presence The culture from malt had an appreciable odor 
of butj’nc acid The presence of volatile acids was further shown 
by analyses of the 2 anc lactate prepared from the ether e'rtract 
before and after distillation with steam The latter conformed 
more nearly to the theoretical values than the former 
The orgamsm isolated from horse feces possessed the morphol- 


ogj and cultural characteristics usually ascnbed to B bulgancus 
but reached an acidity of only 0 58 per cent m thirty daj-s This 
fact might be mterpreted to mean that it should not properly be 
classed as B bulgancus Unlike the cultures previously studied 
it produced pure mactive lactic acid It possessed a high optimum 
temperature, did not coagulate milk at all at room tempera- 
ture and at 38° only after a period of two weeks or longer The 
acidity mcreased uniformlj’ throughout the penod of mcubation 
These are all characteristics of B bulgancus 
The first culture of the bacillus from cow feces studied gave a 
zmc lactate containmg 17 94 per cent of water and 37 14 per cent 
of zmc ovide The figure for zmc oxide mdicated the presence 
of acids other than lactic A duphcate culture was distiUed with 
steam before neutrahzmg with zmc carbonate The volatile 
acids calculated to lactic amounted to 20 per cent of the total acid- 
ity The zmc lactate recovered was mactive Although this 
was a large, irregularly stammg bacillus and produced an acidity 
of 1 20 per cent it is doubtful whether it belonged to the B bul- 


gancus group because of the large amount of volatde acids produced 
To obtam a culture from milk, a small bottle was completely 
filled with milk, tightly stoppered and mcubated untd a stamed 
smear showed the presence of long slender baciUi The rmlk was 
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tlien plated out on wliey agar The pure culture contained a ni \- 
ture of inactive and laevo acids Analysis of the dehydrated zmc 
lactate showed that it was not pure The zinc lactate was decom- 
posed with hydrogen sulphide and the zinc sulphide filtered off 
On distilling vuth steam only a trace of volatile acids was obtained 
The solution was then examined for succinic acid To separate 
succinic and lactic acids advantage was taken of the insolubility 
of barium succinate in 60 per cent alcohol The white precipi- 
tate tliroim dovTi by the alcohol was filtered off, decomposed by 
the cautious addition of dilute sulphuric acid, and the filtrate 
from the barium sulphate evaporated to dryness When the 
residue was heated copious white fumes were given off which 
had the characteristic choking effect of succinic anhydride The 
white sublimate obtamed after crystallization from water melted 
at 178“-179° C The literature gives 180°-182“ C for the melting 
point of succimc acid We think this established the presence 
of small amounts of succinic acid in this culture Another cul- 
ture isolated from milk m the same manner gave similar results 
with the exception that the proportion of laevo to inactive lactic 
acid present was smaller These cultures died very qmckly and 
before any results were obtamed on the per cent of acidity pro- 
duced The biological functions of this bacillus appear quite 
Similar to those of Kozai’s^ B acidi levo-lachci halensis, which 
he concluded produced laevo lactic acid and traces of succinic acid 
Bertrand and Wcisweiller- state that small amounts of succmic 
acid were produced by the culture of B bvlgancvs obtained from 
Metchnikoff 

The cultures isolated from Cheddar cheese were kindly furnished 
by Miss Evans, assistant bacteriologist in the dairy division of 
the Bureau of Animal Industry, who is working in cooperation 
with the Department of Agricultural Bacteriology of the Univer- 
sity of Wisconsin No very defimte conclusions can be drawn 
from these results It appears, however, that at least four differ- 
ent strains of high-acid orgamsms were present in these cultures, 
one which produced pure or nearly pure dextro lactic acid, one 
which pioduced inactive acid, one which produced a mixture 

J Kozai Zeitschnfi fiir Hygiene, xsxviii, p 386, 1901 

•Bertrand and Weisweiller loc cit 
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of laevo and inactive acids and one which produced pure laevo 
acid It will be remembered that, with the exception of the last 
named type, organisms of correspondmg acid producmg functions 
were isolated from other sources We were unable to isolate with 
certamty succmic acid from any of these cultures 

STJMMABT AND CONCLUSIONS 

1 Cultures of B hulgancus were isolated from human sali\a, 
human feces, malt, kraut and Cheddar cheese which produced 
only dextro lactic acid, from Cheddar cheese which produced dextro 
lactic acid with a small admixture of inactive acid, from horse 
feces, cow feces and Cheddar cheese which produced only mactive 
acid, from milk soured at 38° C and from Cheddar cheese, which 
produced a mixture of laevo and mactive acids, and from Cheddar 
cheese which produced pure laevo lactic acid 

2 Among the bactena which have been mcluded m the B 
hulgancus group, there are strains which may be differentiated 
by the optical form of the lactic acid produced 

3 Varjnng both the source of mtrogen and of carbohydrate 
m the culture media did not alter the optical form of the acid 
produced by the bacillus isolated from sahva 

4 The dextro lactic acid formmg stram predommates and 
has the power to produce a higher percentage of acid than the 
other strains 

5 Pure cultures of some bactena may produce mactive lac- 
tic acid, a fact which probably necessitates the presence of both 
dextro and laevo acid producmg enzymes m a smgle orgamsm 

6 The bacilh of the B hulgancus type m human feces and 
human saliva are identical 

7 Some strains of B hulgancus produce small amoimts of 
succmic acid This may account for the presence of this acid 
m Cheddar cheese, although we could not definitely isolate it 
from anj cultures obtamed from cheese 

I msh to express my mdebtedness to Professors E B Hart and 
E G Hasbngs for their advice throughont this work 
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tNTRODTJCTORT 

Despite the enormous amount of data that have been accumu- 
lated m recent years m regard to the occurrence and excretion 
of creatme and creatuune, our knowledge of the significance 
of these substances is stdl far from adequate The mcidence 
of the excretion of creatuune (cf Mendel, ’09 and Myers, ’10), 
IS perhaps better understood than that of creatme Fohn (’05a, 
’05b, ’05c), \an Hoogenhuyze and Verploegh (’05), Klercker (’06), 
Closson (’06), and Shaffer (’08b) have shown that the dady 
output of creatuune, on a meat-free diet, is remarkably con- 
stant for the same mdividual, and is mdependent of the total 
mtrogen and volume of the urme This constancy m the excre- 
tion of creatuune mdicates that it is of endogenous ongm, and 
as Fohn (’05b) sajs, is an “mdex of a certam kmd of protem- 
metabohsm occurnng daily m any given mdindual ” Fohn (’06) 
further beheves that the creatuune of the urme has no connec- 
tion vnth the muscle creatme, as the latter is converted mto creat- 
imne onlj with great difficulty 

'A preliminary report of these studies was presented to the Society for 
Experimental Biologj and Medicine, May 17, 1911 
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The excretion of creatinine in disease frequently undergoes 
marked variation ^ Mellanby (’07) found the creatinine-coef- 
ficient to be very low in diseases of the fiver Tfiis was partic- 
ularly true of individuals with hepatic carcinoma The urines 
of such patients contamed large amounts of creatme Mellanby 
(’OS) believes that the fiver is intimately connected with the 
production and excretion of creatinine He suggests that the 
liver IS continuously fornung it from substances brought from 
other organs b 3 ’’ the blood In the developmg muscle, this creat- 
inine IS transformed mto creatme, and stored until the mus- 
cles have reached a certain saturation pomt After this point 
has been reached, creatmme is contmuously excreted 

Both creatme and creatimne are excreted m the urme of dogs 
with Eck fistulas, according to Salaslcm and Zaleski (’00), Lon- 
don and Boljarski (’09), and Poster and Fisher (’ll) London 
and Boljarski found that the administration of creatimne to such 
animals did not increase urinary creatmme Results contra- 
dictorj’’ to these were obtamed by Foster and Fisher, who report 
that the ingestion of creatmme increases the creatimne output 
m the urine The results of both mvestigations are m accord in 
finding that the feeding of creatme caused no increase m creatine 
excretion, but was followed by a slight nse m ehmmated creat- 
mme 

The observations of van Hoogenhuyze and Verploegh (’05) 
and Shaffer (’08a) as well as of certam earlier mvestigators, 
indicate that increased or decreased muscular activity, with 
adequate food, has per se no effect on the excretion of creatimne 

Creatme is never normally present in the urme of adult 
mammals, unless creatme is taken m vith the food As early, 
however, as 1868 Meissner (’68) found that creatme almost en- 
tirely replaces creatmme m the urme of birds These observa- 
tions were subsequently verified by Paton (’09-’10) and Voegtlm 
and Towles (’ll) 

In mammals, creatme is excreted m the urme durmg manition 
This was first observed by Benedict (’07), and later verified m 

I For the literature on the excretion of creatinine in various pathologici! 
conditions, see Leathes (’06-’07), Spriggs (’07a, ’07b), Benedict and Myers 
(’07a), Forschbach (’OS), Shaffer (’OSb), and Levene and Kristeller (’09) 
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collaboration with Diefendorf (Benedict and Diefendorf, ’07) on a 
fasting woman At about the same tune, but mdependently, 
Cathcart (’07a, ’07b) noted the excretion of creatme m staixmtion 
Recently this author (Cathcart, ’09) has published the results of 
experiments made upon himself and others m which he reports 
that creatme is found m the urme, m relativel3' large amounts, 
after fastmg penods of fortj’’ hours In starvation experiments 
made upon rabbits, Domer (’07) noted the ehmmation of crea- 
tme Similar results were obtamed m dogs bj' Underhill and 
Klemer (’08), Richards and Wallace (’08), and Howe and Hawk 
(’ll) 

Pathologicallj", creatme occurs m a variety of conditions 
Benedict and Mj-’ers (’07b) found it m the urmes of a large num- 
ber of insane patients, most of whom were m poor nutntive con- 
dition, which probably accounted for its appearance In con- 
lalescence after typhoid fever Foster (’10) found an elimination 
of creatme Shaffer (’08b) obsenmd creatme to be mvanablj' 
excreted where there was a rapid loss of muscle protem, such as 
m acute fe\ ers, m the acute stages of exophthalmic goitre, m tumor 
cachexia, and m women durmg the first week Tpost parium, when 
the resolution of the muscular wall of the uterus is proceedmg 
most rapidly This has also been observed m dogs by' Murhn 
(’08-’09) Accordmg to this author, the creatme first appeared 
m the urme two days before parturition, and reached a maximum 
on the fifth day after parturition He suggests that the latter 
date probably marks the maximum of the mvolution process 
Lexene and Knsteller (’09) noted the excretion of creatme m a 
\ anety of diseases The largest amounts were found m the urme 
of patients with anterior pohomyehtis and muscular dystrophy' 
In many of these instances — ^notably fevers and hepatic car- 
cinoma — imder-nutntion is imdoubtedly' an important contnb- 
uting factor m the production of creatme In this connection 
the recently published paper of Underhill and Rand (’10) is of 
particular mterest These authors found large amounts of crea- 
tine in the urmes of women with pernicious vomitmg of preg- 
nancy, and Underhill suggests that the changes observed m the 
urine are induced by' the accompanymg manition Evidence 
tendmg to substantiate this nev is furnished by' the obser- 
vation that the perverted creatine metabolism, as well as the 
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metabolism of tlic other nitrogenous constituents of the unne, 
tends rapidly to resume the normal on the rectal administration 
of dextrose, inthout necessarily exerting any mfluence on the 
pathological state of the patient The presence of carbohydrates 
appears m these exiieriments to be the all-important factor in 
preventing the abnormal partition of urinary mtrogen associated 
with starvation In the absence of sufficient carbohydrates the 
energy-yielding substances in the body seem to be utilized with 
great difficulty The inability to oxidize carbohydrates may, 
therefore, exiilain the observations of Shaffer (’08b) and Dreib- 
holz (’OS), and more recently of Krause (’10), Krause and Cramer 
(’10), and Taylor (’10, ’ll), that creatine is a constant product 
of the metabolism of patients mth diabetes melhtus 

In consideration, therefore, of such observations as the above, 
a series of experiments was conducted on starvmg rabbits, to 
determine the mfluence of carboh 3 ’^drates on the creatine metab- 
olism during a period of munition unaccompanied by any other 
abnormal factor 

From two experiments upon geese, Paton (’09-’10) reached the 
conclusion that the administration of glucose m fastmg has no 
specific action on the excretion of creatine But his experiments 
were entirely too few m number, and extended over too short 
periods of time, to render his results conclusive 

While the present work was m progress, an interesting paper 
appeared by Cathcart (’09), m which he reports that the creatme 
excretion induced by fastmg is reduced to ??tl by admmistermg a 
carbohydrate diet “practically nitrogen and fat free,” whereas 
with a fat diet, the amount of creatme excreted is increased He 
further states that the addition of protein food (carbohj’-drate-free) 
during the fat period, does not markedly reduce the creatme excre- 
tion The experiments were made upon men, which necessarily 
limited the duration of the fastmg to short periods (usually forty 
hours) The author reports that this inanition always brought 
about an output of some hundred and fifty milligrams of creatme, 
which seems surprisingly large for a fast of so short duration Usu- 
ally, several days of starvation are necessary to induce the excre- 
tion of appreciable amounts of creatme m man (cf Benedict and 
Diefendorf, ’07, and Underhill and Rand, ’10) 
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The chief cnticism, hoivever, of Cathcart’s e'qienments olves 
the nature of the carbohj'drate diet used to reduce the creatine 
output This consisted of tapioca, sugar, honey, corn-flour, and 
banana meal, all of nrhich — mth the exception of the sugar — con- 
tam small amounts of mtrogen In one experimental penod 

T4BLE I 


Cathcart’s carbohydrate diet 


APTICLE or FOOD 

AlIOUXT IN GIISTED 
PEB DAT 

X 

V INTASE 


fframs 

percent 

crams 

Banana meal 

454 

0 04 

2 SO 

Honey 

230 

0 23 

0 53 

Total Y mtake per day j 

3 33 


(Cathcart, ’09, p 316) the diet consisted of banana meal and honej , 
and contamed accordmg to Cathcart’s otoq analj-ses, 3 33 grams of 
mtrogen (see Table I) It is true that this is a small mtrogen 
intake, and that for most purposes the diet imght be considered 
“practicallj mtrogen free,” but, a prion, we have no way of know- 
ing whether the mtrogen accompanied by the carbohj drates, or 
the carbohj drates per se are responsible for the reduction m crea- 
tme elumnation Chittenden^ has shown that man can hve m 
perfect health, and remam m mtrogen equihbnum, on an mtake 
of 5 or 6 grams of mtrogen per daj’’, when sufficient carbohj drates 
and fats are mgested May it not, therefore, be possible, that 
an mtake of half of the amount of mtrogen necessarj' to meet the 
needs of the body is capable, when accompamed bj' carbohj’drates, 
of exertmg some influence on creatme ehmmation durmg stana- 
tion^ Certamlj’’ we have no answer to this question m the results 
of Cathcart Hence, it was determmed to test the influence of 
a carbohj drate diet absolutely mtrogen-free on the creatme elim- 
ination m ammals durmg mamtion 


^Chittenden Physiological Economy in Xutntion, Xew York, 1904 
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EXPERIMENTAL PART ^ 

Methods 

The animals used m the investigation were large rabbits, pre- 
viously well fed on oats, cracked com and carrots In several 
experiments the urines were analyzed for three or four days before 
the fasting periods were begun, m order to determine whether or 
not ereatine is normally excreted by rabbits on a mixed diet The 
urine was always collected at the end of twenty-four hour penods, 
unless otherwise stated, the complete excretion for the day’s cycle 
being obtamed by squeezing out the bladder Total nitrogen was 
estimated by the Kjeldalil-Gunnmg method, ammoma nitrogen" 
and preformed creatinine* hy the Folm methods, and “total 
creatmine,”^ i e , after conversion of creatine present to creatmme, 
by the Benedict-Myers modification of the Folm method 

In describing the creatinine determination in rabbits’ urine, Dorner 
(’07) alludes to the appearance of a flocky precipitate after treating with 
picric acid and sodium hydroxide, the precipitate persisting even after 
dilution of the mixture to 500 cc He suggests filtering the solution before 
making the colorimetric readings It has been the experience of the writer 
that this procedure is entirely unnecessary The precipitate which is com- 
posed largely or entirely of phosph'ites, is so small m amount that it offers 
no hindrance to matching the color accurately with the standard bichromate 
solution Frequently, in sufficientb’’ dilute urines, no visible precipitate 
appears at all 

Often a difference of three or four minutes in the time the urine is allowed 
to stand after the addition of the picric acid and sodium hydroxide, pro- 
duces a variation of a millimeter or more in the colorimetric reading The 
maximum depth of color is obtained in about ten minutes Consequently, 
in all the determinations of creatine and creatinine recorded below, ten 
minutes were allowed for the completion of the reaction The solutions 
were then diluted and the readings taken immediately 


'The experimental data are taken from the thesis presented by William 
C Rose for the degiee of Doctor of Philosophy, Yale University, 1911 
= Folm Amer Journ Physiol , xiii, pp 45-65, 1905 
= Folm Zcitschr f physiol Chem , xli, pp 223-42, 1904 
< Benedict and Myers Amer Journ Physiol, xviii, pp 397-405, 1907 
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The influence of inamiion on the creaiine-creatmine excretion in 
rabhitc, imth some observations on the elimination of ammonia 

Four rabbits were allowed to starve until death resulted, the 
unnes being analyzed for total nitrogen, ammonia mtrogen, total 
and preformed creatmme The anal 3 i;ical data are summarized 
m Tables II to V Throughout the experiments the annuals were 
given water ad libitum Creatine usually appeared in the unne 
on the second day, and progressively increased in actual amount 
until death There was generally also an mcrease m the percentage 
of the total mtrogen present as creatme, but considerable vana- 
tion is noted owmg to the large mcrease m total mtrogen The 
eliminalionof mirogeninthe fomiof creatinine is remarl ably constant 
Though shght fluctations are noted — especially a tendenc 3 '’ to 
decrease just before death — as m rabbits 1 and 3, the change is 
b 3 no means commensurate with that observed m the creatme 
ehmmation The percentage of creatmme-mtrogen mvariably 
decreases as mamtion progresses, on account of the mcreased total 
mtrogen elimination These results agree with those of Domer 
(’07) 

AiniomA Elimination Incidentall 3 " it is of mterest to note 
the ehmmation of ammoma mtrogen So far as the wnter is 
aware, no detennmations of the ammoma excretion m rabbits dur- 
mg starvation have been premousB' pubhshed It was expected 
that the percentage of the total mtrogen present m the form 
of ammoma would be mcreased, but such is not the case IVith 
the exception of rabbit 1, where the results are very irregular, all 
animals excreted progressive^'^ smaller percentages of them mtro- 
gen as ammoma Usuall 3 '’, there is a tendenc 3 for the absolute 
amount to slightl 3 increase before death, but this mcrease does 
not keep pace with the mcrease m the output of total mtrogen 
Hence, the percentage steadil 3 ’’ decreases 
No explanation can be given for the irregular results obtamed 
mth rabbit 1 As will be seen m the tabulated data (Table 11), 
ammoma mtrogen was entirel 3 absent, or present m amounts too 
small to be determmed, on the 19th and 22d, but markedl 3 in- 
creased until the 24th, n hen it represented 2 3 per cent of the total 
mtrogen On the 25th and 26th it was still high, though the 
percentage had shghtl 3 fallen This rabbit nas a small animal, 
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scarcely full-groTvai, and was in very poor nutritive condition at 
tlie beginning of the experiment Possibly this may explain the 
relatively large output of ammonia nitrogen in the last stages of 
inanition It is interesting to note that the ehmmation of crea- 
tine nitrogen was greater m this animal than that observed in 
any other experiment, thus emphasizing the importance of the 
nutritive condition for the nitrogenous metabolism 

The fact that starvation does not mduce an absolute or per- 
centage increase in the elimination of ammonia nitrogen m rab- 
bits, IS quite m contrast with the findings of Brugsch,^ Cathcart," 
Grafe^ and others on men It would seem, therefore, that her- 
bivora are either not subject to acidosis to the same extent that 
omnivora and cariuvora are, or that they utilize bases other than 
ammonia for the neutralization of the acid products In this 
connection, the suggestion of Burndge'* — ^that creatine may serve 
as a neutralizing agent for lactic acid — is an mterestmg but 
unverified assumption 

In subsequent experiments upon rabbits the ammonia deter- 
minations were omitted 


The influence of a caibohydrate diet upon the creatine-creatimnc 
excretion in rabbits during inanition 

Diet Numerous attempts were made to give starving rab- 
bits dextrose and sucrose by the stomach tube in solutions of 
varying strengths, but the results were mvariablj'- very unsatis- 
factory Even when small doses of the sugar solutions weie 
introduced into the stomach at intervals of several hours, diai- 
rhoea was evoked, with resulting contammation of the urme A 
more serious difficulty, however, was the fact that frequently 
the kidney excretion was practically stopped after givmg the sugar 
for two or three days, and the animals died with symptoms of uremic 
poisoning Hildebrandt® observed that large doses of dextrose 

1 Brugsch Zcitschr f exp Path u Therap , i, pp 419-30, 1905 
= Cathcart Biochem Zcitschr , vi, pp 122-23,1907 
^ Grafe Zcitschr f physiol Chetn , Ixv, pp 21—52, 1910 
‘Burridge Joum of Physiol , xh, pp 303-04,1910 
' Hildebrandt Zcitschr f physiol Chem , \\\v, pp 141-52, 1902 
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exert a toxic action m rabbits fed upon a diet of oats He attnb- 
uted the toxicity to the production of large amounts of oxahc 
acid through the mcomplete combustion of the sugar, and found 
that the addition of calcium carbonate to the diet neutrahzed 
the oxahc acid and prevented the appearance of abnormal symp- 
toms He makes no mention, honever, of a decreased kidney 
excretion 

A typical experiment illustrative of this inhibition of kidney 
function, IS summanzed m Table W The sugar-feedmg was 
begun on December 13 On the 15th, the animal had severe 
diarrhoea and contanunated most of the unne On the 16th, the 
mabilitj' to excrete unne was very exndent The complete excre- 
tion for twentj -four hours was 10 cc , contaming only 0 04 gram 
of total mtrogen On the 17th, only 4 cc of unne were excreted 
On the 18th, an attempt uas made to mcrease the unne ehnuna- 
tion by gnung 100 cc of water by the stomach tube, but only 
50 cc of a verj ddute unne were obtamed, contauung 11 mgms 
of nitrogen as total creatinine The 50 per cent retention of the 
water could not have been due to a depletion of the tissue mois- 
ture, for the animal had recen ed water daily throughout the exper- 
iment Retention is further mdicated by the fact that the ani- 
mal began to mcrease in weight on the 15th, and contmued to 
mcrease until death on the 19th Before death severe diarrhoea 
occurred, accompanied by a twitchmg of the neck and shoulder 
muscles, and followed by coma 

No explanation can at present be given of these observations 
Out of some eight or ten experiments m which sugar was admmis- 
tered, satisfactorj' results were obtamed only once (rabbit 6, 
Table and this ammal differed from the others m readilj 
eatmg loaf-sugar, thus obnatmg the necessity of givmg sugar 
solutions by the stomach tube 

In consequence of the difficulties associated with the sugar- 
feedmg, this diet nas abandoned In the remainmg experiments 
(Tables "NTH to XI), soluble-starch suspended m water was given 
bj the stomach tube with verj satisfactorj results In no case 
did this diet mterfere with kidney function 

The Composition of the Urin e In the followmg experiments, 
as m those prenoush described, creatine is a constant constit- 
uent of the unne of stamng rabbits In rabbit 6, creatme did 
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1 nniNE 


DATE 

DODY 

^\FiaiIT 
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Reaction 

Total 

Creat- 
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N 

Crea- 
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N 

DIET, NOTES, ETC 



jumt 

; Kra\ lt\ 

to litmus 

N 


Noi 

(77711 

ec 



(7ms 

mgms 

mgms 


30 

2240 

22C 

1 1 012 

1 Alkaline 

0 67 

30 

0 

Animal ate 300 gms 









carrots and 50 gms 

Dec 








cracked corn 

1 

22G0 

210 

1 014 

Alkaline 

0 47 

27 

0 

Animal ate 300 gms 









carrots 

2 

2240 

55 

1 020 

1 iUkaline 

0 51 

32 

2 

No food 

3 

21C0 

46 

1 028 

Acid 

0 86 

28 

13 

No food 

4 

2080 

37 

1 032 

Acid 

0 80 

28 

4 

No food 

5 

2040 

38 

1 033 

Acid 

0 77 

29 

3 

No food 

6 

1980 

36 

1 035 

Acid 

0 77 

27 

9 

No food 

7 

1920 

38 

1 032 

Acid 

0 77 

30 

0 

No food 

8 

1860 

44 

1 025 Acid 

0 85 

27 

1 

No food 

9 

1800 

48 

1 022 

Acid 

0 92 

23 

2 

No food 

10 

1740 

55 

1 018 

I Acid 

0 86 

22 

7 

No food 

11 

1700 

72 

1 018 

Acid 

0 96 

23 

19 

No food 

12 

1640 

72 

1 020 

Acid 

1 29 

23 
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No food 

13 

1580 

46 

1 025^ 

i 

Acid 

0 97 

24 
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Animal was given 15 
gms sucrose, (loaf 
sugar) 

14 

1510 

21 


Acid 

0 26 

22 

16 

30 gms sucrose by 
stomach - sound m 
50 per cent sol in 
SIX equal doses 

15 

1550 

2* 


Acid 

0 02* 

3* 

0* 

35 gms ditto in seven 




1 





equal doses Part of 
a day's urme Ani- 
mal had diarrhoea 

16 

1600 

10 


Acid 

0 04 

3 

1 

1 

25 gms ditto in five 
equal doses Com- 
plete kidney excre- 
tion for twenty-four 
hours 

17 

1620 

4 


Acid 


2 

trace 

4 gms olive oil given 
by stomach-sound 
Complete kidney ex- 
cretion for twenty- 











four hours 

18 

1620 

50 

1 010 

Neutral 


7 

4 

No food 100 cc 









water given by 
stomach-sound 

19 

1660 







Animal died m after- 







noon w ith severe 
diarrhoea 




*Not a complete day’s urine see notes 
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not appear m appreciable amounts until after a suipnsmgly long 
penod of inanition Small amoimts were penodically excreted 
from Februarj' 7 to March 1, but the quantities were too small 
to be of any significance For ten dajs, beginmng with Februarj- 
14th, the ammal was given loaf-sugar each daj, but the only 
effect observed was a decrease m the total mtrogen elimination, 
with a correspondmg increase m the percentage of creatmme mtro- 
gen On February 25, stan ation was resumed, and creatine first 
appeared in si gnifi cant amount on March 2 
This remarkably long penod of stanmtion was imdoubtedly 
made possible by the excellent nutntive condition of the animal, 
it having been fed liberally for several weeks before begmnmg the 
expenment The store of glycogen probably prevented the ap- 
pearance of much unnarj creatme, until the hver and muscles 
had had their gli^cogen supply nearly depleted 
On March 2, sugar-feedmg was again begun with the result 
that the creatme mtrogen fell from 14 mgms on the 2d, to zero 
on the 5th After two daj s of fastmg the creatme mtrogen agam 
mcreased until it was more than twice as large m amount as the 
creatmme mtrogen On resummg the sugar diet, however, it 
nas rapidly reduced to zero On March 13, an attempt was made 
to gve a protem diet consistmg of coagulated egg-white, but diar- 
rhoea resulted, followed bj' the death of the animal on the next 
daj 

Results similar to these were obtamed on rabbits 7, 8 and 9, 
each of which receiv'ed the soluble-starch diet instead of the sugar 
The creatine elimination was reduced at will bj’ givmg an abso- 
lutelj mtrogen- and fat-free carbohj’'dratediet Usually the amount 
of total nitrogen and creatme mtrogen mcreased the first daj' of 
the carbohjdrate admmistration, but rapidlj decreased on con- 
tmumg the feedmg Total mirogen and total creatinine appear 
to have a common source, for an increase or decrease m the latter is 
alwajs accompanied bj' a similar change m the former The sig- 
mficance of this will be discussed later 
The expenment upon rabbit 10 is particularlj mterestmg 
because of the results following the administration of alcohol 
The protem-spanng effect of small doses of alcohol is well known ‘ 

‘For the literature on this subject cf Rosemann Oppenheimer’s Hand- 
bwcA dcT Biochcmic, i\. part 1, p 433, 1900 
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Eecently, Kochmmn ind Hnll* e reported the results of exper- 
iments m ■which thcj found thit small doses, gi\ en subcutaneously, 
greatlj prolonged the In es of starving rabbits In consideration 
of these results it seemed possible that alcohol might exert an influ- 
ence on the creatme excretion similar to that produced bj carbo- 
hjdrates Hence, m the expenment upon rabbit 10, alcohol ■was 
gi\en by the stomach-sound for two daj's Rather large doses 
were necessarj in order to make the ex^penment comparable in 
fuel \alue with those in which carbohj drates were fed On the 
17th (Table XI), 12 cc of absolute alcohol, well diluted wath water, 
were gi\ en in divided dose se\ eral hours apart The animal was 
rendered mtoxicated for two or three hours after each dose The 
urme analj*sis for that daj- shows that the total nitrogen was m- 
creased, while the creatme mtrogen was more than doubled 
On the 18th, the animal was kept mto'xicated practicallj all daj 
by the frequent adnunistration of alcohol, mth the result that 
while the creatme mtrogen was agam mcreased, the creatinme 
and total mtrogen were slightly decreased Here agam the changes 
m total creatinine e limin ation are associated wnth changes m the 
same direction m total nitrogen elumnation 
That the increase in creatme nitrogen was not due to the alco- 
hol per se seems probable from the observations of Mendel and 
Bilditch (’10), who found no mcrease m creatme elimination m 
dogs even after prolonged admmistration of alcohol The mcrease 
must therefore have been due solely to the contmued lack of 
carbohydrates At the same tune, it must be admitted that 
the doses of alcohol given to the rabbit were presumably sufficient 
to produce the so-called toxic mtrogenous catabolism 
On the 19th, admmistration of starch suspensions was begun 
Only 15 grams of soluble-starch were given the first day, which 
were not sufficient to prev ent the creatme and total mtrogen from 
agam mcreasmg On the 20th and 2lEt, 35 and 40 grams respec- 
tively, of starch were given, with the result that the creatme ehm- 
mation rapidlj disappeared, accompanied by an enormous 
decrease m total mtrogen excretion Starvation and starch- 
feeding were agam repeated on this ammal ■with results similar 
to those previouslj described 


‘Kochmann and Hall Pfluger’s Archiv, cxxvu, pp 2S0-356, 1909 



Rahhit 10—Starvahon alcohol, carbohydrate feeding 


232 Creatine and Creatinine Metabolism 


c 3 

3 

cr 

<D 

o 

> 


d 

o 

> 


c3 

3 

cr 

3 

O 


d 

0) 


O O 


H 

F- 

O 

Eh* 

e 

O 


c3 

o 

'a 

d 

d 


c* 

o 


d 


O 

<0 


o 

o 


^ 'Q 
_ O O O O O 

^00000 

o) t*-, ti; td 
O 


0000 


d 


o 

o 


o 

o 

o 


d 


10 

CN 


T 5 

O 

d 

o 

a 

CO 

3 

CO 


3 


a 

d 

tn 


M 

0 

03 


1^ 


• 4-3 

03 

0 ) 

03 

d 



•4-3 


&: 

CO 

p: 

d 

d 

> 

c* 

0 

d 

u 

0 

C 3 

03 



c 

03 

03 

0 

10 

0 

LO 

Cl 

10 

0 

12 

d 

d 

d 

d 

d 






^3 

0 

T 3 

d 

0 

T 3 

d 

"tiJ 

03 

'd 

d 

•cJ 

03 

'd 

e 

'CJ 

03 

'd 

d 


w d 
ft ^ 


2 ® 

s g 

s 

I - 

CO CO 

O o 

^ 2 
^ 3 

S "o 

CO CO 

a d ^ ^ 
d o o 
S S O o 
bD bJD 

10 Q >5 (5 


O) 

C, 


3 

CO 

rC 

o 


3 3 


O W 
d ci 


d 

03 CO CD 

0 ) a> o 

3 3 3 

3 3 3 
3 3 3 

CO CO CO 

CO CO cr — 

E s a ^ 

c* d d o 

^ (h Uh 

fcjo to W) 

^ o 


Ml^oX 


N 

anutJOjQ 

» lOOfOrHOi-H .H rH l>. P5C0>0'i<'i<M 

^OOOr-irt-Hco ic (NOCNNrJ-coMM 

R. 

N 

0 aiani 3 OJQ 

|00 OOJTt(O®>C »H OCOWt-rHOl^-H 

^eOUScOCOtOMN M »H (MiOt>.(N(NIM(NM 

B. 

N 

oaf^rojQ 

<0 

CO'^t^^WOO^ ^ ^ MOOOOJrHCOCO 

s ^ ^ (NOrJ^dCO 

oain]|tiaj3 

jn/7ms 

41 

38 

32 

36 

35 

34 

33 

24 

24 

25 

16 

19 

34 

31 

24 

26 

21 

1 


03 CO O 00 ^ 

O 00 O ^ T-( 


CO ^0 ^ »-H 






rH o o 


O O o < O »-H 
CO (N 10 (M O O 


8nta;n 01 

uoipcoy 


X^iatjjS 

ogioadg 


-a -a 


<u 

« o o a o 
^ < <!i < < < 
<! 


X) -a 

a 


3 

5 


o 


33333333 
«o3S5"'^^ 
-<<;<) -«3 c 


O C3 U 


O 10 O (N <N (N 

(N rH CO CO CO (M 1-H 

0000000 


Quinp^ 


o o o 00 <0 

CO O 10 CO 
eg 


^ o" 
ub CO 


(N 

o 


o 

CO 


t^COCO»-HpiO-^<0 

00000000 


oc<J 0050 or^ci 
O CO O t'- t'- iO 


h H 
o o 

n H 


0000000 

CO O »0 CC o Q 

^ rtf rH 1-H o O 
(N (N (M <N <M 


o 

OJ 

o 


o 

o 

CO 


00000 
^ o o ^ 

CO o 


o o 

Cl t 

o o 


^ i-IC<lCO*^OOt^ 


O ^ d CO »C O ‘ 

Cl Cl Cl Cl Cl Cl Cl 



Lafayette B Mendel and William C Rose 233 


From the foregoing experiments, it can be definitelj' stated 
that a carbohydrate did absohdchj mirogcn- and fai-frec, produces 
a marled rcdiichon in the elimination of total nitrogen and creatine 
in starving rabbits If the carbohjdrate feedmg is continued for 
two or three dajs creatme disappears The administration of 
alcohol produces no decrease in unnarij creatine or nitrogen 

The influence of fat and protein upon the crcatinc-creatimne excretion 
III rabbits during inanition 

Five experiments were made to determme the effect of fat and 
protem feedmg upon the creatme-creatimne elimination in starv’- 
mg rabbits The fat diet consisted of an emulsion of 73 per cent 
peanut oil, 2 per cent lecithin, and 25 per cent n ater ^ Small 
doses of the emulsion were given at inter% als of se\ eral hours by 
the stomach-sound The protems used were casein and egg-w hite 
The results of the experiments wall be seen m Tables XII to XVI 
In rabbits 11, 12 and 13, the influence of the fat diet without 
protein was mvestigated With the exception of animal 12, abso- 
lutely no reduction m creatine or total nitrogen followed the fat 
admmistration In this animal, agar-agar was also fed with the 
fat emulsion to prevent diarrhoea Hoffmann- has recentlj’ shown 
that agar-agar can be decomposed and absorbed bj' rabbits, but 
does not increase the sugar m the unne when the animals are phlor- 
hizunzed He beliexes that it is converted mto fatty acids and 
absorbed m this form There is no reason for assuming that fatty- 
acids ansmg from the fermentation of agar would behave differ- 
entlj , m regard to their mfluence on the creatme elimination, from 
those hberated m fat digestion Still it is mterestmg to observe 
that only in the animal that received agar did a decrease m crea- 
tme and mtrogen ehrmnation follow the fat feedmg 

It IS impossible to state the degree of utihzation of the fat diet 
Diarrhoea frequently occurred and probably resulted m poor 
absorption on these days Herbivora are, furthermore, suscept- 
ible to lipuna after the mgestion of large amounts of fat In 
order to ascertam defimtely the amount of fat actually metabo- 

* This was prepared for the laboratorj bj Fairchild Brothers and Foster, 
New York 

’Hoffmann Inaug Diss , Halle, pp 27, 1910 
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lized, it would therefore be necessary to determine the respiratorj 
quotient It is certain, however, that the creatine output eannol 
be Tcduecd in rabbits by feeding an cxdusne fat diet These results 
are in accord with the conclusions of Cathcart (’09) in fasting men 
The influence of a mixed protan and fat diet was tested m rab- 
bits 14 and 15 In the former, from the 12th to the 14th, an e\clu- 
Eivelj protem diet was fed, but it was found impractical to give 
sufiBcient calones The whites of eight eggs are necessarj in order 
to >aeld an amount of energj’ eqma alcnt to 40 grams of carbohj - 
drate It is out of the question to feed so large an amount of 
protem to a rabbit without produemg diarrhoea Hence, from 
the 15th to the 18th, sufficient mtrogen was gn en in the form of 
protem to cover the mtrogenous waste of the animal, and the calo- 
rific value was raised bj the addition of fat emulsion No reduc- 
tion in the creatine elimination occurred on this diet in the absence of 
carbohydrates On the 19th, a carbohj drate diet was substituted 
for the protem-fat diet, with the result that the outputs of crea- 
tme and mtrogen subsequently decreased, notwithstandmg the 
fact that the animal was very weak and emaciated Sunilar 
results with the fat-protem feeding were obtamed m rabbit 15 
On account of diarrhoea it was impossible to contmue the carbo- 
hydrate diet at the end of this experiment sufiBcientlj long to reduce 
the creatme 

The results obtamed after protem feedmg are m stnkmg con- 
trast to those bnefly reported by Osterberg and Wolf (’08) These 
mvestigators state that m the dog, “the creatme produced by 
starvation is inhibited by very small amounts of mgested protem ” 
Smee no figures are given m the preliminary report, it is not 
apparent what “very small amounts” denote It is true that in 
rabbits 14 and 15 the protem ingested was calonfically insufficient, 
but the amount of mtrogen which it yielded was more than neces- 
sary to compensate the mtrogenous waste of the animal That 
the protem was absorbed is shown by the greatly increased urm- 
ary mtrogen In view of Osterberg and Wolf’s results, a decrease 
m creatme nught be expected, but such was not obtamed In 
experiments upon fastmg men, Cathcart (’09) found that the addi- 
tion of protem produced no alteration m the creatme output on a 
fat diet Smee this is true for herbivora and ommvora, it seems 
unhkely m. the absence of more defimte data — ^that carmvora 
differ so radically m then metabohsm 
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The want of available carbohydiate seems to be the pnmarj’’ 
factor that induces the appearance of urmary creatme in starva- 
tion It is interesting in this connection to note that creatme is 
also 'excreted in many conditions where carbohj'-drates are not 
properly oxidized Reference has already been made to the con- 
stant presence of creatme in the urme duiing diabetes melhtus 
Recently Krause and Cramer (’10) have demonstrated the elim- 
mation of creatme in dogs, followmg the injection of phlorhizm 
Similar experiments were made by Cathcart and Taylor (’10) 
The latter investigators fed their ammals a creatme-free diet and 
found that no creatme was excreted before the glycosuria, pro- 
vided there was an adequate supply of carbohj^drates If the 
supply was very small, creatme appeared just as m starvation 
These results are, of course, m accord ivith the findmgs of the pres- 
ent mvestigations on fastmg rabbits 

After a small carbohydrate mtake, Cathcart and Taylor (’10) 
observed an output of creatme as the result of the injection of 
phlorhizm The creatme was present only so long as the glyco- 
suria persisted When, however, the supply of ingested carbohy- 
drates was abundant, in spite of the glycosuria, creatme was not 
excreted Afcer substituting fat for the carbohydrate of the diet, 
the injection of phlorhizm was followed by a much less intense 
glycosuria, but by a marked excretion of creatme 

It would appear then that fat m the food, even m considerable 
amount, does not prevent protem catabolism, or m other words 
cannot replace carbohydrates under the experimental conditions 
of Cathcart and of the WTiters It is possible, and mdeed probable 
that fat may replace a certain amoimt of carbohj’-drate, provided 
there is still sufficient carbohj'-drate in the diet to exeit a regulatory 
influence over certain essential metabolic processes This concep- 
tion IS m accord wath Rosenfeld’s^ \aew of a specific action of car- 
bohydrates on fat metabolism This author believes that fats 
cannot be properly burned unless carbohydrates are present 
Similar view^s w^ere formulated bj^ Landergren," ivho found that 
with a nitiogen mtake of approximately one gram, the output 

iRosenfeld Vcrhandl d xxiv Kongres / inner Med, Wiesbaden, 
pp 279-S3, 1907 

"Lnndergren SLand Arch f Physiol , \iv, pp 112-75, 1903 
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of unnai^ mtrogen could be reduced to a minimum (3 to 4 
grams per daj) bj feeding large amounts of carbohj drates If, 
on the other hand, the carbohj drates of the diet ■nere replaced 
hj fats the mtrogen excretion decreased the first daj , but increased 
on the second and third dajs Landcrgren beheaes this increase 
to be due, not to a specific dj-namic action of the fat, but to a 
depletion of the store of gh cogen In the absence of carbohj drates 
the fats are unable to exert their protein-spanng effect It maj 
be equallj true that creatme cannot be properlj’' catabolized, or 
converted mto creatmme m the absence of carbohj drate food, 
or that the cell processes themseh es are radicallj different under 
such conditions 

So ve might expect disturbances of the liver to lead to the 
production of creatme through improper gU cogemc function, and 
in fact such is the case ^lellanbj' (’07) and v an Hoogenhuj’-ze 
and Verploegh (’08) observed the excretion of creatine m hepatic 
diseases, notablj carcinoma, and Underhill and Kleiner (’08) 
found an mcreased excretion of creatme m the urmes of dogs poi- 
soned with hjdrazme — a substance which is known to have a 
specific action upon the cjdoplasm of the parenchjnnatous cells 
of the hver The mtemal administration of chloroform which, 
as Clark* has shown, produces great degenerative changes m the 
hepatic cells, mduces the appearance of creatme m the unne (cf 
Howland and Richards, ’09, and Lmdsay, ’ll) More recentlj 
van Hoogenhuj'ze and ten Doeschate (’ll) hav e reported the pres- 
ence of large amounts of creatme in eclampsia Likewise, London 
and Boljarski (’09), Foster and Fisher (’ll), and others, found 
creatme m the urme of Eck fistula dogs, where the hepatic func- 


tions are entirely removed 

It IS true that the presence of creatme in these conditions may 
be explained bj-^ assummg that the hver is the organ that bnngs 
about the conversion of creatme mto creatmme, and that when 
the hepatic cells are diseased or removed from the sphere of action 
by artificial alterations of the circulation, this conversion cannot 
occur But if this assumption were correct, creatme alone should 
be excreted m animals with Eck fistulas, and creatmme should 
be entirely absent — a condition which has never been attained 


Clark Proe Roy Soc Edinb , ■rxix, pp 418-26, 1909 
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Van Hoogenhuyze and ten Doeschate ('ll) attempt to explain 
the presence of creatine in eclampsia on the ground that the liver 
IS diseased, and is, therefore, unable to brmg about the dehydra- 
tion As evidence of the hver disorder they refer to the fosl 
mortem findings of capillary hemorrhages m the liver parenchjuna, 
and to the greatly reduced tolerance for sugar m such patients 
May not the reduced tolerance, and hence the lowered glycogenic 
function, be the factor occasioning the excretion of creatine, 
rather than the condition of the liver per se? The presence of 
creatine in the unne dunng pregnancy as noted by Murhn (’08-’09), 
Longridge,^ and others, can readily be explained on this assump- 
tion, for Bar^ found a greatly reduced tolerance for sugar m preg- 
nant women Certainly, from a consideration of the data which 
have been collected in regard to the effect of carbohydrates on 
creatine elimination, it is just as probable that the real factor m 
the production of creatine in hepatic disease is a disturbance of 
carbohydrate metabolism 

To further test the influence of the amount of glycogen and of 
the condition of the hepatic cells upon creatme excretion, two exper- 
iments were undertaken upon dogs In the first, an attempt was 
made to remove the glycogen by repeated mjections of phlorhtzin 
in a starving animal It was hoped that after repeated phlorhizin 
adnunistration the glycogen could be largely removed from the 
animal, with the result that creatme would contmue to be present 
in the urme after the glycosuria had disappeared In the second 
experiment a fasting animal was given frequent injections of phos- 
phorus oil, in order to cause degeneration of the hepatic cells 
The protocols are summarized in Tables XVTI and XVIII 
The phlorhizinized ammal received the drug subcutaneously in 
sodium carbonate solution, according to the procedure recom- 
mended by Lusk® Three doses of 2 grams each were given on 
January 20 and 21, and one dose of 2 grams on the 22d Sugar 
continued to be excreted until January 27, whereupon the crea- 
tme estimations were begun after the glycosuna ceased As will 
be seen, creatme alternately appeared and disappeared On 

'Longridge Cited by van Hoogenhu3’’2e and ten Doeschate (’ll) 

= Bar (cited by Lequev) L’Obstelriquc, in, p, 506, 1910 
® Lusk Amer Joxirn of Physiol , xxii, pp 164-65, 1908 
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February 1, the amount of creatine nitrogen exceeded the creatinine 
nitiogen Two days later creatine was entirely absent On 
February 10, it was agam excreted and contmued to be present 
in increasing amount until Februarj’’ 12, when it exceeded the 
amount of preformed cieatmme by over 200 per cent Unfor- 
tunately, the urines of the next two daj’^ were contaminated vith 
feces, and analyses were not made 
No adequate explanation of this irregular excretion of creatme 
is apparent It is probable that the amount present was due to 
the fasting, though the injection of phlorhizin may have been a 
contributing factor m the partial removal of glycogen In regard 
to the disappearance and subsequent reappearance of creatine, 
the observation of Pfluger and Junkersdorf’ — that a re-formation 
of glycogen from protem occurs in phlorhizimzed dogs — ^is of par- 
ticular interest If we accept this as an established fact, the 
sequence of changes in creatine elimination can be readily under- 
stood The phlorhizin and starvation removed sufficient glycogen 
to leave the animal in need of carbohydrate, and creatme imme- 
diately appeared m sigmficant amount A re-formation of gly- 
cogen caused the subsequent disappearance of creatme, which 
did not again appear until the glycogen supply had again been 
depleted on February 10 Of course this explanation is entirely 
theoretical and tentative It is well known that dogs are especially 
hard to render glycogen-free They seem to retain or replenish 
at least part of their store, in spite of varied experimental attempts 
to exhaust it This fact may explain their ability to endure fast- 
ing usually for remarkably long periods nuthout serious conse- 
quences,^ and without the excretion of large amounts of creatme 
or nitrogen 

In the experiment on the phosphorus-poisoned dog (Table 
XVIII), creatine was constantly present in the urine in sigmficant 
amounts Beginxung wth May 28 and continumg until the death 
of the ammal, the amount of nitrogen excreted in this form greatly 
exceeded that as creatimne This appearance of creatme m con- 

‘ Pfluger ^nd Junkersdorf Pfluger’ s Archiv, cwm, pp 201-301, 1909 

= Howe Mattill and Hawk (this /oMJ-nol, \ 11, p \lvii, 1910) hai c recorded 
the longest fast on record, t e , 117 daj s On the 117th day the dog showed 
a loss of 63 per cent of body weight The animal nas carefully fed and 
brought back to nitrogen equilibrium 
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sidorable amounts is of particular interest in view of the recently 
publislied paper of Frank and Isaac ^ These investigators found 
that during phosphorus poisoning, the amount of sugar m the 
blood practically disappears If carbohydrates are necessarj'^ 
for normal cellular metabolism, or for the conversion of creatine 
into creatinine, as has been suggested, then creatine would be 
expected under such conditions Lusk ('07) was unable to detect 
any significant change in creatmine output after phosphorus 
poisoning, in one experiment on a fastmg dog No creatme 
estimations were reported Lefmann (’08) concluded that the 
creatmine elimmation was mcreased durmg the poisonmg not 
accompanied by fastmg, while the creatine output remained unal- 
tered His data, however, are so irregular that definite conclu- 
sions are impossible 

The parallelism between total creahmne and total nitrogen elim- 
mation is very striking m the phosphorus-intoxicated dog as well 
as m the experiments previously described An mcrease m total 
creatimne is, without exception, accompanied by an increase m 
total mtrogen There is, however, one difference m the results 
obtamed on dogs as contrasted with those obtamed on rabbits 
In dogs the excretion of creatme is usually accompanied by a 
decrease m creatmine, though not commensurate with the increase 
in creatme, while m rabbits the creatmine is comparatively con- 
stant in amount, or shows only a very slight tendency to decrease 
durmg the last days of the fastmg period The behavior of dogs 
would seem to mdicate that creatme and creatmine have the same 
origin m the organism, and that while the production of creatine 
increases as starvation progresses, less and less conversion to the 
anhydride is accomplished 

The protocols of Cathcart (’09) show a decrease in creatmine 
excretion in man, coincident with the mcrease m creatme, but 
contrary to the present findings no parallelism exists between the 
elimination of total creatimne and total mtrogen m his experiments 
Moreover, he makes no reference to the possible importance of 
carbohydrates in bringing about the conversion of creatme to cre- 
atinine 

1 Frank and Isaac Arch / exp Path u Pharm , Kiv.pp 274-92, 1911 
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GENERAL DISCUSSION 

Two fundamental facts are emphasized by the experiments 
recorded (1) /In increase in the elimination of total creatinine 
(1 e , creatine plus creatinine) is always accompanied by an increase 
in the output of total nitrogen, and (2) Carbohydrates, in contrast to 
the other foodstuffs, are capable of prexcnting the excretion of crea- 
tine, and are therefore indispensable for normal creahne-creaiimne 
metabolism 

Although an mcreased output of mtrogen in the form of 
creatme and creatimne is associated n ith a nse m total mtrogen 
elimination, it bj no means follows that the reverse is true 
It IS necessary to remember that under ordmary conditions we 
have m the animal bodj' three sources of unnary nitrogen, 
namely food nitrogen, reserve nitrogen, and tissue nitrogen 
Dunng fastmg the food nitrogen does not enter mto the problem 
The unnary mtrogen m inamtion, therefore, has its ongm in (a), 
reserve mtrogen (vanously termed circulatmg protem, Vorratsei- 
weiss, Reserveeiweiss, Zellenemschluss, labiles Eiweiss, by differ- 
ent wnters), and (6) dismtegration of orgamzed body tissue — 
so-called endogenous mtrogenous metabolism If the former 
were its source, no accompanying mcrease m total creatimne should 
occur, for it is probable that this form of mtrogen is metabolized 
just as the (exogenous) food nitrogen When, on the other hand, 
it becomes necessary for the tissues to dismtegrate to furnish 
energy for the organism, an mcrease m creatme or creatimne neces- 
sanly occurs The most abundant tissue, and one which suffers 
great loss m weight, namely, muscle tissue, contains considerable 
creatine This will be hberated and might be expected to appear 
m the urme either unaltered or as creatmme 
But this is not the only factor mvolved Considerable evidence 
has been accumulated m recent years, mdicatmg that creatme is 
a product of endogenous metabohsm, and that an increased for- 
mation of creatine occurs when the tissue catabolic processes 
are accelerated There is evidence, also, that creatme can m part 
disappear m the body, and m part be converted mto creatimne 
Of importance m this connection, is the work of Gottheb and his 
coUaborators Gottheb and Stangassmger (’07, ’08), and Stan- 
gassinger (’08), found that dunng the autoly'Sis of muscle and other 
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organs, a formation of cieatine occurs The creatine so arising, 
as well as creatine added to the autoljdic muxture is, by the action 
of an enzyme, pai tiallj'- converted into creatinine Both creatine 
and creatinine are by long contmued autolysis, destroyed through 
the action of specific enzymes (creatase and creatinase) The very 
complex curves representing the amounts of creatine and creatinine 
in an autolytic mixture depend, therefore, upon the balance betv een 
formation, conveision, and destruction of these substances 
The lesults of Gottlieb’s experiments have been severelj criti- 
cised bj'' Mellanby (’08), who concluded that when the autoljdic 
experiments were kept rigorouslj’' free from bacteria, and vhen 
precautions v ere taken to prevent the conversion of creatine into 
creatinine by heating, no change occuired during autolj'sis The 
experiments have, hon^ever, been repeated with improved technic 
bj'' Rothmann (’08) and van Hoogenhu 5 ’’ze and Verploegh (’08), 
and results obtained similar to those of Gottlieb 
Whether one accepts Gottlieb's or Mellanby’s experiments, the 
fact remains that m muscle tissue an increased production of crea- 
tine may actually occur under appropriate conditions Weber 
(’07) and Howell and Duke (’08) found that the beating heart 
liberates creatine into the perfusion fluid Weber also observed 
that the creatinine excretion is considerably higher m dogs poi- 
soned with cinchonme, indicating that increased tonus may lead 
to creatme or creatimne formation Likewise Graham-Brown 
and Cathcart (’08) found that stimulation of isolated frog muscles 
brought about an increase of from 7 to 13 per cent in tJie crea- 
tine content Van Hoogenhuyze and Verploegh (’08) found the 
excretion of creatinine to be greater dunng the day, when the mus- 
cle w'^ear and tear is increased, than during the night v, hen the mus- 
cle tonus IS reduced 

More recently Pekelharmg and van Hoogenhuyze (’10a) have 
demonstrated an increased formation of creatine in the muscle 
during ngor colons, ngor morhs, and heightened tonus These 
authors believe that durmg tonus muscle protein is decomposed 
to furnish energy, and that creatine is a product of this endogenous 
catabolism The sources of the energj^ utilized for the maintenance 
of tonus and for the performance of ordinal y muscular work arc, 
accordmg to this view', entirely different If this theor}' is correct, 
an increased formation of creatine should occur durmg fasting 
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after the supph of non-nitrogenous energy -yielding food-stu£fs 
and of nitrogenous reserve material has been depleted, and should 
not occur until such a depletion has been effected The theory 
and the facts obtained in the experiments aTreadj desenbed are, 
therefore, entirely in accord 

The numerous other observations of creatine excretion m condi- 
tions associated with waStmg of muscle tissue, as m fevers (Shaffer, 
’08b, and van Hoogenhujze and Verploegh, ’08), dunng the post 
parlum resolution of the uterus (Shaffer, ’08b, and Iilurhn, ’0S-’09), 
and m muscular disease (Le\ene and KnsteUer, ’09), all point to 
the same conclusion, namelj', that whenever muscle protein is 
decomposed, creatme is a product of the dismtegration Further 
endence of this will be found m a marked mcrease of the creatine 
content of muscle dunng starvation, m hens and rabbits * 

At the present time the most probable explanation of the pro- 
duction of creatme and creatmme may be sought m the catabolism 
of the tissues (t e , endogenous metabolism) Under appropnate 
nutntive conditions, the small amount of creatine arising from 
muscle wear and tear, is converted into creatinine and excreted 
When, however, an undue creatme production occurs, the conver- 
sion to creatmme may become madpquate, and creatme as such 
appear m the unne Possibly some may be oxidized and not 
appear at all In this case creatme and creatimne would be anal- 
ogous to unc acid and represent a balance between formation and 
destruction They would then be mtermediarj" rather than 
end products These inews are represented m the accompanymg 
scheme 


Food N Reserve N 


No Creatme Nq Creatme 


Tissue N 
Creatme 



(Oxidized) 

? 


Urtnarj 

Creatmme 


tJrmary 

Creatme 


The expeninental proof of this will be furnished m the next paper 
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It may be objected that if this theory were true creatine intro- 
duced per os or parenterally sliould ordinarily be converted into 
creatinine, and that this is contrarj’’ to the observations of most 
investigators (Fohn, '06, Klercker, '06 and '07, Lefmann, '08) 
But tins does not follow any more than that creatine arising dur- 
ing starvation should be converted into creatmme It is possible 
that the organism is capable of convertmg only a definite amount 
of creatine into the anh 5 ’’dridc, and that w'hen this amount is 
exceeded, unaltered creatine appears m the urme On the other 
hand, a slight conversion was observed van Hoogenhuyze and 
Veiplocgh (’08) In the most recent paper along this Ime, Pekel- 
haring and van Hoogenhuyze (’10b) found that creatme parenter- 
allj’’ mtroduced into labbits and dogs, was partly transformed into 
creatinine, partly oxidized, and partlj'- excreted unaltered It 
must be remembered also that in mjection experiments the cir- 
culation may be so flooded mth creatine, that there is not sufii- 
cicnt time for conversion before ehmmation occurs In many 
of the earlier experiments, wdiere creatine wns given by mouth, 
it is not improbable that it wns largel}’’ decomposed by bacteria 
in the alimentary canal (cf Czernecki, '05, and Namasky, ’OS) 
Plimmer, Dick and Lieb (’09-’10), in experiments m man, found 
that 2 5 grams of creatine had to be given bj’- mouth before any 
could be recovered m the urine This may serve to explain the 
entire disappearance of creatine m man}’- feeding expenments, 
and its failure to increase the creatmme output 

With our present knowledge, it is impossible to formulate any- 
thing definite as to the chemical processes b 3 " wdiicli creatine 
arises in tissue catabolism The striking similarity between its 
structure and the structures of many other substances occurring 
in muscle tissue, or derived from proteins, indicates that its origin 
m tissue catabolism is by no means inconceivable Attempts, 
however, to associate these compounds with creatine and creatmme 
experimentally, have thus far been unsuccessful or doubtful (cf 
Burian, '05, Jaffd, '06, Achelis, '06, Dorner, '07, and Lefmann, ’OS) 
It is diflacult to form any chemical picture of the influence car- 
bohydrates may have in preventing the excretion of creatme As 
already suggested, they may be necessary for the conversion of 
creatine into creatmme, or in their presence creatine maj be more 
readilv oxudized and excreted as urea Again, the tissue cells 



Lafayette B Mendel and William C Rose 251 


maj not functionate properlj- when the normal amount of carbo- 
hjdrate food is wanting, and m this case the elimmation of crea- 
tine would be analogous to the production of the acetone bodies, 
which IS also inhibited by the admmistration of carbohydrates 
More work mil be necessaiy to elucidate these problems With- 
out question the meiatolism of creatine is intimately associated with 
carbohydrate metabotism 


SUMMARY 

1 The excretion of creatme induced bj starvation, is inhib- 
ited in rabbits by feedmg a diet of carbohydrates absolutelj free 
from proteins and fats When the carbohj drates are given m 
hberal amounts, creatme entirely disappears from the urme 

2 The creatme elimination is not reduced bj feedmg a diet 
of fat alone, or by a diet of fat and protem 

3 Experimental mterference with carbohydrate metabohsm 
leads to the elunmation of creatme After phlorhizm diabetes 
which depletes the store of carbohydrates, and during phosphorus 
poisomng, which disturbs the glj cogemc functions, the output of 
creatme m dogs is decidedly mcreased 

4 An mcrease m the output of creatme plus creatinme (total 
creatmme), is always accompamed by'’ an mcrease m total mtrogen 
elunmation This parallelism of total creatmme and total mtro- 
gen outputs m mamtion and with mtrogen-free diets is ascnbed 
to a common source, namelj', true tissue or endogenous metabolism 
The metabolism of exogenous or reserve protems is not accom- 
panied by the production of creatme or creatmme 

o The mtimate relation of creatme excretion (or the fadure 
of conversion mto creatmme) to carbohydrate metabolism, is 
discussed m detail 
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Comparatn ely few investigations ha\e been made in regard 
to the creatme content of muscle in normal and abnormal condi- 
tions Such data as we have were, for the most part, obtamed 
with the older and inadequate analji-ical method of Neubauer and 
are consequently usually unrehable Manj of these researches 
were undertaken with a new of deter minin g the influence of 
muscular work on the content of creatme, but because of the 
errors m technic the results hai e been widely different 

Liebig (’47) was the first to begm systematic studies on the effect 
of actmtj on tissue composition In 1847 he made his classi- 
cal investigation of the creatme content of muscle m fatigue 
and found that the muscle of a fox killed m the chase contamed 
ten times the amount of creatme present m an equal weight of 
muscle from a restmg animal Sarokow (’63) also found an m- 
crease of creatme after work He beheved that comcident with 
the formation of creatme, the muscular activity brought about a 
partial conversion mto creatinme A similar mcrease m creatme 
was reported bj Sczelkow (’66) as the result of tetanus, while 
rest was supposed to produce a decrease On the other hand Naw- 
rocki (’66) m experiments on dogs, found no difference m the crea- 
tme content of tetamzed and restmg muscle 
The results of Voit (’68) were agam different In experiments 
on frogs, he decided that tetanus produced a decrease m the 

^The expenmental data are taken from the thesis presented by William 
Rose for the degree of Doctor of Philosophj, Yale Umversitj, 1911 
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creatine content of muscle According to this investigator the 
creatine is transformed durmg work to a substance not identical 
with creatinine 

The most consistent of the earlier results on the effect of worK 
were obtained by Monan (’87) who found that an increase in 
creatine invariably occurred m fatigue, and that comcident with 
the increase a much larger amount of creatmme was detectable 
The protocols of Monaii appear very conclusive, and were accepted 
and frequently quoted in subsequent papers It seems prob- 
able now from the investigations of Mellanby (’07-’08), that much 
of the precipitate which Monan weighed as pure creatme, was 
composed of other substances The creatinine obtamed by him 
was undoubtedly derived from creatine m the evaporation of 
the acid tissue extracts That preformed creatimne does not 
exist in freshly lulled muscle is definitely proven by the researches 
of Grmdley and Woods (’06-’07), Mellanby (’07-’08), and Paton 
(’09-’10) 

Since the mtroduction of the Folin colorimetric method for the 
estimation of creatmme, several papers have appeared on the influ- 
ence of activity on muscle creatme Weber (’07) found that 
wwk caused a slight decrease m the creatme content, and that 
the beating heart gave off creatine or creatimne into the perfusion 
fluid According to this author, less creatine was present m degen- 
erated than m normal muscle Mellanby (’07- 08), on the other 
hand, found that the performance of muscular work, as well as 
the survival of isolated muscle, leaves creatme unaffected No 
change in the creatine content was found by von Furth and 
Schwarz (’ll) after tetanizmg the hind-leg muscles of a dog for 
more than an hour 

Graham-Brown and Cathcart (’08) report that stimulation pro- 
duces an increase in the amount of total creatimne m isolated 
frog muscles, whereas it leads to a slight decrease when the circu- 
lation IS left intact In a later communication, these authors 
(Graham-Browm and Cathcart, ’09) report the results of studies 
made on rabbits, in which they find that with the circulation in- 
tact, stimulation induces a constant though small decrease m 
the amount of total creatmme (^ e , creatme plus creatmme) 

Practically no data have been published on the effect of factors 
other than activity on the creatine content of muscles By the 
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use of the Neubiuer method Demont (’79) observed an increase 
m the percentage of creatine m the breast muscles of pigeons dur- 
ing starvation All figures given bj' this author are much lover 
than those obtained bj the use of the Folm method From the 
analj'sis of the muscle of a smgle stan^mg rabbit Domer (’07, 
p 261), usmg the Folm method, concluded that there was a decrease 
m creatme durmg mamtion Recent^’’, m a prelimmary report, 
Howe and Hawk (’ll) claim that a \erj marked reduction m the 
creatme of dog’s muscles is brought about bj fastmg 
Such studies are of prune importance m determming the ongm 
of urmarj’- creatme and creatmme If it is imiversally true that 
a decrease m the creatme content of muscle occurs durmg mam- 
tion, the creatme found m the urme during starvation must have 
its ongm m a “washmg-out” of muscle creatine If, on the 
other hand, the accelerated endogenous metabolism durmg star- 
vation occasions an mcreased formation of creatme, as hasteen 
suggested m a previons papeT_ (fef Mendel and'lB.ose ’ll), then 
urmary creatme and creatmme would represent local metabohc 
end-products, rather than su^ances merelj welshed out of the 
tissues The excess of creatine produced dunlig such a process 
might be entirely excreted or oxidized, or parfly retamed m the 
muscle The muscle analyses would then show* either no change 
or an mcrease m the creatme content, but never a decrease 
To determme this question a senes of analyses was made of 
muscle tissue removed from normal and starvmg rabbits and hens, 
the results of which are summanzed m Tables n and III The 
ammals were allowed to starve for varjnng lengths of tune and 
killed by bleedmg To avoid errors which might anse from differ- 
ences m the amount of creatme m different muscles, similar mus- 
cles V ere always selected in the control and experimental animals 
In the rabbits, the muscle tissue from the hmd legs and back was 
completely removed, freed as much as possible from connective 
tissue, and thoroughly ground m a hashmg machme From the 
imifonn mixture samples were rapidly weighed for the analyses 
In the fowl, onlj the pectoral muscles were used 
The total creatmme was estimated accordmg to the procedure 
of Mellanby * 


‘MeUanby Joarn of Physiol , xvs-i, pp 453-4, 1907-8 
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For this purpose, the finely ground muscle was killed by covering with 
95 per cent alcohol The alcoliol was poured off through silk gauze, the 
muscle pressed out, and repeatedly extracted by shaking with five portions 
of water, about half an hour being allowed for the extraction with each por- 
tion The alcoholic and watery extracts were then combined and evapor- 
ated to dryness on the water-bath The residue was extracted five tunes 
with 75 per cent alcohol, which removed the creatine and creatinine, hut 
left most of the protein behind The alcohol was removed by evaporation, 
the solution made up to a know'n volume wath water — usually 150 cc — fil- 
tered, and the total creatinine determined on 10 cc portions by the Folm- 
Benedict-Myers method Preliminary analyses showed that very good 
duplicates could be obtained by this procedure 

In the rabbits, simultaneous determinations were made of the 
water, ether-extract, and ash of the muscles Since only slight 
variations m the percentages of ether-extract and ash occurred, 
these estimations were omitted m the fowl In the rabbits the 
creatine content is calculated on the moist muscle, and on the 
ether-extract- and fat-free dry material, while in the fowl the per- 
centages are calculated on the bases of moist and dry tissue 

The amount of water m the normal tissues is reasonably con- 
stant The higher figure obtained with rabbit 4 is due to the 
fact that the animal had received an mtravenous injection of 
150 cc of dilute adrenalin solution, m connection with other 
investigations Only a small amount of the injected water had 
been excreted when death occurred In the starving animals, 
the water content progressively increased as starvation was pro- 
longed Similar results were obtained by v Boethlmgld on mice 
This mcrease in water may have caused the apparent decrease 
m the amount of creatine observed by Dorner, and calculated by 
him on the moist material 

The ether-extract is also constant m the normal animals, and 
shows a decrease durmg fasting The figures agree with those 
found in starving rabbits by Rubner ^ This author reports that 
m starvation the muscles of rabbits contain 2 to 3 per cent of fat 
calculated on the dry material Assuming that the muscles of 
his animals contained approximately 80 per eent of water, his 
figures agree with those reported m Table II The percentage 
of fat m the well-fed rabbits is somewhat lower than that reported 

'v Boethlmgk Arch d scienc htol , v, p 395, 1897 

’Rubner Zeiischr f Biol , xvii, p 229, 1881 
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for the wild hare bj Konig and Famackj' who found 1 07 per cent 
of ether-extract m the muscles of the extremities ^loreover, 
the fat content of other ammals is usually higher than that of 
the rabbit Accordmg to the anals'ses of Alm6n,- the muscles 
of lean oxen contam 1 5 per cent of fat and 76 7 per cent of T;\ater, 
while the muscles of pigeons contain 1 0 per cent of fat ® This 
IS m accord with the well known fact that rabbits usually have 
relatnelj little subcutaneous adipose tissue They seem to store 
fat onl} with difficultj 


TABLE r 

The creatine content of mitselc 


ATJTHOR 

REFERENCE 


CONDITION OF 

^ xruBcix 

CREATINE 
DJ M01«l 
TISSUE 

Mcllanbj 

Joura Phjsiol , XXXVI, p 



TXT cent 


472, 1907-S 

Frog 

Normal 

0 302 

Graham- 








Biochem Joum , iv, p 

Frog 

Normal 

0 377 

Cathcart 


421, 1909 


Isolated and 





Frog 

stizn 

0 413 

Mellanb} 

Joum Phjsiol, xxxvi, p 





472, 1907-8 

Fowl 

Normal 

0 360 

Mellanbj 

Joum Phjsiol , xxxvi, p 





460, 1907-8 

Rabbit 

Normal (leg) 

0 520 

Mellanbj 

Joum Phj siol , XXXIV , p 





460, 1907-8 

Rabbit 

Normalfback) 

0 505 

Meilanbj 

Joum Phjsiol , XXXIV, p 





460, 1907-S 

Rabbit 

Stimulated 

0 506 

Domer 

Zeitschr f phj'siol Ch , 





lu, p 265, 1907 

Rabbit 

Normal 

0 529 

Corner 

Zeitscbi f phj siol Ch , 





hi, p 265, 1907 ; 

Rabbit 

Normal 

0 496 

Comer 

Zeitscbr f physiol Ch , 





hi, p 265, 1907 

Rabbit 

Normal 

0 496 

Corner 

Zeitschi f phj siol Ch , 





hi, p 265, 1907 

Rabbit 

Norma] 

0 505 

Corner 

Zeitschr f phjsiol Ch , 





lu, p 265, 1907 

Rabbit 

Starving 

0 414 


'Konig and Farwick Zeitsch- f Biol , xii, p 497, 1876 
|Alnidn Nova Aet Reg Soc Scient Upsal , vol extr ord , 1877 
Cf Konig Chem d menschl Nahrungs- u Genussmittel, i, p 42, 1903 
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The amount of a’fh undergoes ^crJ little clnngc m rabbits 
during fastmg The figures compare faioriblj inth those found 
bj Komg and Ivrauch,^ the aicragc of 'ubich was 1 17 per cent 
Creatine content A summarj of the more important records 
of the creatme content of muscle is gi\ en m Table I "Where these 
figures were expressed as creatinme m the ongiml papers, the\ 
have been recalculated bj us and expressed as creatine A com- 
parison of these data vnth our anah^ses mil shovs a good agree- 
ment m the creatme content of muscle m so far as normal, t c , 
fed ammals are concerned 
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19 
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1 18 4 

' 73 66 

40 4C 0 200 0 495 
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18 

11 

2160 

' 1710 

450 

20 8 
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41 45 0 184 0 444 

1 66 

19 

17 

1170 
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30 0 

76 27 

22 61 0 0S7 0 3« 

1 62 

20 

19 

1520 

, 1000 
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; 34 2 
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1 &5 


The data obtamed m the present m\estigation of starving 
animals, on the other hand, exhibit distmcth higher values 
There are feiv comparable experiments on record The protocols 
are arranged in the Tables (11 and III) in the order of the progres- 
sn e percentage loss m weight of the animals With a smgle excep- 
tion (rabbit 12) the muscles of all starving ammals showed a higher 
percentage of creatme than the fed controls The mcrease m 
creatme tends to be proportional to the percentage loss m weight 
of the animals Jfo explanation can be gii en for the isolated Ion 
figures obtamed with animal 12 The difference maj ha% e been 
ue m part to age, for Mellanbj (’07-’08) has shown that consider- 
able 1 imation m the creatme content is associated mth this fac- 
tor y oung anunals have much less creatme than adults 

an Krauch Chem d menschl Nahrungs n GenussmtUel, i, p 
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In the expenments with hens the results are comparable to those 
obtained on rabbits Both water and creatine mcreased m per- 
centage as starvation was prolonged In fowl 19 the creatine 
calculated on the moist muscle is lower than in the control birds, 
but when expressed on the basis of the dry tissue, is shghtlj'^ higher 
than the controls The low figures here are without doubt due 
to age, for this fowl was small and immature 

It IS noticeable that the mcreases in creatine m the fowl are not 
as large as m the rabbits Most of the former were m good nutri- 
tive condition when killed All but the half-grovTi hen (No 19) 
had considerable subcutaneous fat Since they retam fat so read- 
ily, it may be equally true that they retam considerable glycogen, 
and a marked increase m creatme would not be expected It is 
certainly true that as a rule fowl can fast much longer than rab- 
bits before death results 


DISCUSSION 

Since a significant and progressive increase m creatine has been 
demonstrated in muscle dunng mamtion, there seems to be no 
reasonable ground for doubtmg the origin of urinary creatme and 
creatinine in endogenous metabolism These results are in strik- 
ing contrast to those reported for a dog by Howe and Hawk (’ll) 
They (Joe cit , p 239) estimated that “the amount of creatme 
nitrogen present in the muscles of the dog at the end of the fast 
was 0 042 per cent, showmg a very marked decrease (66 per cent) ’’ 
It is not apparent in the prelimmarj'- report of Howe and Hawk 
whether this finding was duplicated or not In order to prove 
conclusively such a remarkable reduction, it would be necessary 
to have data on a number of animals of approximately the same 
age as the controls 

Howe and Hawk believe that the pronounced decrease in crea- 
tine is “a most significant fact and shows clearly that in fasting 
we cannot with accuracy consider the total amount of excreted 
creatme as resulting from the complete and permanent disintegra- 
tion of muscular tissue ” Again they say, “a large part of the 
creatme excreted during the fasts and which is ordinarily considered 
as representing completely disintegrated muscular tissue, in reality 
most certainly does not represent this but rather has been mth- 
dravTi from muscular tissue which is still functioning as living 
tissue mthin the bodj’’ of the animal ” It is difficult to under- 
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stand how anj' such iMthdrawal of creatine from functiomng tis- 
sue could occur Urano (’07) has showm that muscle creatine is 
held m a non-di5usible form and is probablj loosely combined nath 
the muscle protoplasm Its liberation nould only be possible 
after complete disintegration of the muscle bundles 
As endence that creatme is not an mde\ of muscle dismtegra- 
tion, Hone and Haavk point to the discrepancj between the 
amounts of muscle catabolism calculated on the tn o bases of total 
nitrogen and creatme excretion They find that only about one- 
haK of the urmarj’’ mtrogen can be accounted for, when the tissue 
catabolism is calculated on the creatme basis Several sources 
of error are apparent in such a calculation The authors seem to 
assume that aU urmarj mtrogen has its ongm in muscle catabolism 
It is true that muscle represents the major part of the bodj^ tis- 
sues, and that it undergoes a great loss in weight durmg mamtion, 
but VoiH has shown that the glandular tissue undergoes much 
greater loss m weight than does muscle Creatme may be a prod- 
uct of the metabolism of glandular tissue, but with our present 
knowledge there is certainly no evudence for such an assumption 
Moreover, dogs mvanablj have an enormous store of reserve 
mtrogen, which might increase the output of total nitrogen dur- 
ing starvation without altermg the creatme excretion But the 
greatest fallacj m the reasomng of Howe and Hawk is that they 
entirelj neglect to consider the output of preformed creatimne in 
their calculations, and apparently assume for it an origm distinct 
from that of creatme If the tissue catabolism is calculated on 
the basis of the output of total creatmine (z e , creatme plus creat- 
mme), the discrepancy between the figure so obtamed, and that 
obtained on the total mtrogen basis, will be found to be much 
smaller Indeed, m the second fastmg period of Howe and Hawk’s 
dog, the muscle waste calculated from the total creatmme, is more 
than sufficient to account for all urmarj mtrogen 
All methods of calculatmg tissue loss on this basis must be 
inaccurate The catabolism of tissues other than muscle tissue, 
the excretion of reserve nitrogen, the possibihty of a resynthesis 
of mtrogen (cf Baton, ’09-’10), changes m the rate of formation, 
ojadation, retentmn, and excretion of creatine and creatmme, 
a 1 tend to render such calculation mconclusive The fact that 

Voit Hermann’s Handbuch, vi, part i, pp 96-97 
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calculations dependent upon so man}^ variables do not exactly 
agiee, is not i 3 uiprismg It would rathei be sui prising if they did 
agree Hence, by these methods po evidence can be obtained 
which would invalidate the hypothesis that creatine and creatin- 
ine are products of the endogendus metabolism of muscle tissue 
Without doubt ihei e occurs an increase %n the percentage of cre- 
atine in the muscles of lahhits and fowl during inamlion Tuo 
possible explanations for the largei amount of creatine suggest 
themselves The increase may be diie (1) to a removal of the 
non-creatine portion of the muscW, leaving the creatine intact, 
or ( 2 ) to an mcreased formation of creatine The first ex^ilana- 
tion seems improbable^^ for^if the creatine is loosely combined intli 
muscle as Urano (’07>) believes, there is no reason for assuming 
that the non-creatine material could be withdraxim and leave the 
creatine intact, any more than for assurmng that the reverse could 
occur An increased formation seems to be the most plausible 
explanation This view is in accord mth the numerous obser- 
vations already cited m a former paper (Mendel and Rose, ’ll) 

‘ During such an accelerated j^roduction of creatine, it would prob- 
ably be liberated in part by the muscles and appear in the urine, 
for the muscles would become supersaturated and be unable to 
combine with all of the excess 
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\ 

m EXCRETION OF CREATINE IN INFANCY AND CHILDHOOD ’ 
B\ WILLI.VM C ROSE 

(From the Sheffield Laboratory of Physiological Chemistry, Yale Uniicrsity, 
Kew Harcn, Connecticut ) 

(Receued for publication, August 14, 1911) 

I 

Phj^iological litpature contains scarcely an> data on the 
creatme-creatmme metabohsm of children Before the introdue- 
hon of the Fohn method for the estimation of these substances, 
creatinine was .sv^posed to be entirely absent from the imne of 
the joung Riefachel (’05) nas unable to detect it in normal 
suckhng infants by'hhe Salkowski-Neubauer method, or by the 
color reaction of Wejl Van Hoogenhujze and Verploegh (’05), 
•^berg and Morrill (’07), Funaro (’OS), Amberg and Rowntree 
(’10), and Sedgnjeh (’10), usmg the Fohn method, ha\e non con- 
clusively demonstrated that creatmine is a constant constituent 
of the unne of sucklmgs All mvestigators find the creatimne 
excretion to he^eryjow, rangmg usually from 6 to lOmgms per 
kilo of bodj Weight 

Assumingthe ongmof urmary creatine and creatmineto be muscle 
creatme, one would expect to find creatinme mtheurmeof sucklmgs 
ilendel and Leavenworth (’08) have shown that the embryomc 
muscles of the pig contam an average creatme content of 0 03 per 
cent of the moist tissue An analysis made by the writer of the 
muse es of a new bom infant (see Table I) mdicates that creatme 
IS present in somewhat larger amount than m embryomc muscle, 
oug still far less than the amount present in the muscles of 
an a ult These observations are m accord with those of Mel- 

-r taten from the thesis presented bj the author for the degree 

of Doctor of PhUosophj , Yale Unn ersitj ,1911 
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lanby ('08) — that the creatine content of muscle greatb’- varies 
with the age of the animal They serve also to throw some light 
on the extremely Ioav creatimne-coefficients of sucldmgs, and fur- 
nish further evidence for the origin of urinary creatimne in mus- 
cle metabolism 


TABLE. I 

Analysis of the muscle of a new-born infant 


1 

VTATER I 

1 

Asn 

ETHER 

EXTRACT 

MUSCLE 1 
USED FOR 1 

creatine 

ESTIMATION 

CREATINE 

FOUND 

CREATINE 
IN MOIST 
MUSCLE 

1 CREATINE IN 
WATER-, ASH , 
AND ETHER 
EXTRACT FREE 
MUSCLE 

prr cent 

SO 12 

per cent 

0 69 

per cent 

5 94 

j 

grams 

37 03 

1 j 

gram 

0 072 

1 

per cent 

0 19 

per cent 

1 46 


Amberg and Morrill (’07) found creatine to be present m the 
uime of a single infant tested by them Similar observations were 
made on sucklings by Sedgwick (’10) and van Hoogenhuyze and 
ten Doeschate (’ll), and on young puppies and fattens by Clos- 
son (’06) In one ex^periment on a puppy three weeks old, Clos- 
son found 18 mgms of total creatinine to be excreted per day, 
of which 17 mgms were m the form of creatine At the age of 
eight and a half weeks, the total creatimne excretion per day was 
48 mgms , of which 29 mgms were in the form of creatine 
The data regarding the elimination of creatine in children more 
than a year of age, are exceedingly scanty Schwarz (’10) reported 

that a normal five-year-old boj’’ exammed by him excreted no 
creatine, while rachitic children of the same age excreted 30 to 50 
per cent of their total creatimne in the form of cieatine 

In view of the observations that creatine is a normal constitu- 
ent of the urine of sucldmgs, it was of interest to determine the age 
at which this product disappeared Numerous specimens of urine 
from children of different ages were analyzed, the result of which 
are summarized in Tables II and III Since it was impractical 
to collect the complete excretion for twenty-four hour periods, 
the analytical figures are expressed in milligrams per one hun- 
dred cubic centimeters of urine Specimen 24 was obtained from 
a child convalescing after an attack of mumps, all other samples 
were obtained fiom apparent Iv perfectly normal individuals 
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TABIS u 


Creatine m the urine of male children imount xn WO cc 






TnUTfH 




VUIIMB 

or 

■ftikSSrix 

Aac 

or 

cniiA> 

0 ^ 

0 ^ 

0 £ 

0 

c 2 

0 

« 

e* 

2 0 

0 a 

=1 

0 

F 

V s 

EC 

5c 

£2 

2 — 

£2 

O'' 

5*0 k 

^ 0 

IS“c 

= “£| 
H ° oH 
0 

ncMAncs 

1 

Vfors 

H 

H 

Acid 

TnjffW 

110 


mpm« 

22 

20 0 

Pcrfectl} 

2 

4 

1 021 

Acid 

6G 

47 

19 

28 S 

normal 

Perfectlj 

3 

5 

1 025 

Acid 

66 

50 

16 

24 2 

normal 

Perfecth 

4 

5 

1 017 

Acid 

159 

33 

126 

79 2 

normal 

Sample from 

5 

10 

1 025 

Acid 

92 

75 

17 

18 5 

same child as 
No 3 

Perfectlj 

6 

10 


Acid 

75 

60 

15 

20 0 

normal 

Perfectlj 

MB 


■ 

Acid 

70 


0 


normal 

Perfectlj 

8 


1 023 

Acid 

113 


17 

15 0 

normal 

Perfecth 



1 022 

Acid 

135 


19 

14 1 

normal 

Protempresent 

10 

12 

1 025 

Acid 

156 


56 

35 9 

Perfectlj 

11 

13 

1 019 

Acid 

81 

74 

7 

8 6 

normal 

Perfectlj 

12 

14 

■ 

USfiu 

Acid 

68 

49 

19 

27 9 

normal 

Perfectly 

13 

15 


4cid 

87 

65 

22 

25 3 

normal 

Perfectly 

14 

17 

1 022 

Acid 

133 

133 

0 

0 

normal 

Perfectly 

15 

IS 

1 028 

Acid 

121 

121 

0 

0 

normal 

Perfectlj 

16 

18 



270 

270 

0 

0 

normal 

Perfecth 

17 

18 

1 025 

j Acid 
> Acid 

175 

175 


0 

normal 

Perfectly 

18 

19 

1 02- 

] Acid 

144 

144 

0 

1 0 

normal 

Perfectly 

19 

19 

B 

i Acid 

112 

112 

0 

0 

normal 

Perfectly 

- 

— 

J 


1 

i 




normal 
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TABLE III 


Crealinc in the unne of female children Amonnt in 100 cc 






TJIIINE 




KUMDCn 

OP 

SAMPLE 

AGP 

or 

CHILD 

Specific 

gravity 

Reaction to 
lltmu'3 

Total crea- 
tinine 

Preformed 

creatinine 

Creatine aa 
creatinine 

5^0 rt 

£ S o 

33 O'— d 

golS 

6 

hemarkb 

20 

years 

H 

1 010 

Acid 


mgma 

14 

vigms 

2 

12 5 

Perfectly nor- 

21 


1 005 

Acid 


7 

10 

58 8 

mal child 
Perfectlj nor- 

22 

3 

1 030 

Neu- 

53 

38 

15 

28 3 

mal child 
Perfectly nor- 

23 

3 

1 OIS 

tral 

Acid 

68 

40 

28 

41 2 

mal child 
Perfectly nor- 

24 

5 

1 030 

Alka- 

72 


12 

16 7 

mal child 
Mumps 

25 

7 

1 019 

line 

Acid 

61 

27 

34 

55 7 

Perfectly nor- 

26 

7 

1 020 

Acid 

66 


16 

24 2 

mal child 
Sample from 

27 

7 

1 024 

Alka- 

60 

53 

7 

11 7 

same child as 
No 25 

Perfecth nor- 

28 

8 

1 021 

line 

Acid 

41 

34 

7 

17 1 

mal child 
Perfectly nor- 

29 

S 

1 030 

Acid 

90 

58 

32 

35 6 

mal child 
Sample from 

30 

11 


Acid 

64 

52 

12 

18 8 

same child ns 
No 28 

Perfectly nor- 

31 

11 

1 020 

Acid 

79 

69 

10 

12 7 

mal child 
Perfectly nor- 

32 

12 

1 020 

Acid 

91 

62 

29 

31 9 

mal child 
Minute trace of 

33 

13 

1 025 

Acid 

91 

91 


0 

protein 

Perfectly nor- 

34 

13 

1 016 

Acid 

60 

49 


IS 3 

mal child 
Perfectly nor- 

35 

13 

1 022 

Acid 

117 

86 

31 

26 5 

mal child 
Perfectly nor- 

36 

15 


Acid 

S3 

61 

22 

26 5 

mal child 
Trace of pro- 

37 

15 

1 016 

Acid 

72 


12 

16 7 

tein present 
Same as 36 

38 

20 

1 014 

Acid 

69 

69 

0 

1 

0 I 

Protein present 

Normal 

39 

21 

1 016 

Acid 

81 

81 


0 1 

Normal 
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The urines ivere preserved with toluene, and analyzed within 
twentj-four hours after e'vcretion Except in the cases indicated 
(Nos 9, 32, 36 and 37), protein and sugar nere entirely absent 
Contrarj to the findings of Schwarz, children of file jears and 
over excrete considerable creatine Indeed, with the exception 
of two cases, creatme was present m all specimens from children 
under fifteen jears of age A boj' of ten and a girl of thirteen 
failed to have creatme m their unnes 
No progressive decrease m the percentage of the total creatinme 
m the form of creatme comcident with mcrease m age is apparent, 
nor IS the percentage of creatine constant for the same mdiaadual 
For instance, one specimen (No 3) obtamed from a child of five 
} ears contamed 24 2 per cent of the total creatmme m the form of 
creatme, while a second sample (No 4) from the same child a few 
daj s later, contamed 79 2 per cent of the total creatmme as creatme 
It was impossible to obtam information as to the amount and 
kmd of food eaten bj* the children Most of the specunens were 
obtamed from the citj orphans home or from pnvate famfiies, 
and the subjects of the experiments were probablj mgestmg more 
or less meat It is possible, therefore, that the oxidation or con- 
version of creatme mto creatmme maj' be difllcult for young mdi- 
viduals to accomplish, and m this case the creatme of the urme 
may, m part, represent mgested creatme, or the glj^cogemc func- 
tions maj^ be imperfectlj' developed, and the store of carbohy- 
drates be insufficient to exert its regulatory influence over me- 
tabolism durmg childhood Frank* has shown that the percentage 
of sugar m the blood of mfants is greater than that of adults It 
IS conceivable that the demand for carbohydrates for the histo- 
genetic processes may be so great that the cells are left m partial 
carbohydrate hunger, and are unable to perform the “endo-cat- 
abohc” activities as perfectly as m later hfe At any rate it is 
of some mterest statistically to find that creatme is usuallj^ pres- 
ent m the urme until or after the age of puberty 

‘Frank ZeiUchr f physiol Cbem , Ixx, pp 129-42, 1910 
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STUDIES IN CABBOHYDBATE METABOLISM 
II THE PREVENTION AND INEOBITION OF PANCREATIC DIABETES 

Bt FRANK P UNDERHILL and MORRIS S PINH: 

(From ihc Sheffield Lahoralory of Physiological ChcmistTy, Yale Universily, 
Veto Haven, Connecticut ) 

(Recei\ ed for publicatvon, August 16, 1911 ) 

The literature' relatu e to the production of pancreatic diabetes 
in dogs IS so ivell-knoivn among phj'siologists that a detailed 
recital of the conditions attending the mduction of the above men- 
tioned pathological state is unnecessary Nevertheless, for the 
full appreciation of the import of the present commimication it 
may not be out of place to call attention bnefly to a fevr of the 
most salient features connected vntb the production of pancreatic 
diabetes For temperamental and anatomical reasons the dog 
is best suited for this tjTpe of evpenmentation With rabbits 
the production of pancreatic diabetes maj not be constantly 
successful, omng to the diffuse distribution of the pancreas through 
the mesentery of this animal 

Acceptmg then as typical the results obtamed with the dog, one 
may reasonablj assume certam facts as fundamental for the pur- 
pose of further mvestigation Thus, it is a matter of umversal 
evpenence that glj cosuna is alwaj s provoked bj the practically 
complete removal of the pancreas in dogs whether the animals are 
maintained in a well-fed or fasting condition The time of the 
first appearance of sugar m the urine subsequent to the opera- 
tion in question is not usually specifically stated m the hterature 
mcident to such experimentation, hence such data have been sup- 
plied m the present paper under conditions stnctly comparable 
to those found to be essential for the purposes aimed at Another 
feature which maj be assumed to be a constant factor m pancre- 

'c/ Biedl InncTc Secretionen, Berlin, 1910 

271 



272 


Hydrazine and Pancreatic Diabetes 


atic diabetes is the accompanjang hjTierglj'-caemia Finally, 
the assumption may be made, wnthout meriting such umversal 
acceptance, that pancreatic diabetes is either identical nath or 
closely alan to the pathological conditions existing in the diabetes 
of man 

Leaving out of consideration the decision as to the identity of 
expenmental pancreatic diabetes wth the human abnormal state 
one may reasonably assume an exceedingly close relationship 
between the two conditions Any procedures, therefore, which 
AviII aid in the better understanding of the experimental diabetes, 
or in the prevention, inhibition or alleviation of the symptoms, are 
likely to have an important bearing upon our conception and treat- 
ment of the human type of pathological carbohydrate metabolism 

In a previous paper^ it has been pointed out that the diamine, 
hydrazine, is capable of inducing an appreciable h 3 T 50 glycaemia 
in dogs The relation of the action of hj’-drazine to pancreatic 
diabetes forms the basis of the present commumcation 

EXPERIMENTAL 

Methods Unless specifically stated otherwise all operations 
were earned out under ether anaesthesia onlj'' Aseptic precau- 
tions were taken throughout the operative technique After 
operation the ammals were carefully cared for, attention being 
paid to assure proper temperature of the animal room After 
death of the animals operated upon for removal of the pancreas, 
autopsy revealed the practically entire absence of pancreas in 
every instance Analysis of the blood sugar was made according 
to the method usually employed m this laboratorj'- - Sugar m 
the unne was estimated with a Schmidt and Haensch triple shadow 
saccharimeter 

Experiments to determine the first appearance of sugar in the unne 
of dogs subsequent to removal of the pancreas 

In our previous paper intimation has been made that hydrazine 
IS fatally toxic in large doses but that relatively small quantities 

1 Underhill This Journal, x, p 159, 1911 

’Underhill loc cii 
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of the drug exert onlj a temporarj detrimental influence ^Vlien 
the dog IS subjected to a combination of hj drazme poisonmg and 
pancreas remox al death follows ■mthin a comparatively fei\ hours 
Therefore m order to determine correctlj the action of hj drazme 
upon the course of events follovrmg pancreas removal it is impera- 
tive to know the behanor of the critenon adopted, 1 c , presence 
of sugar m the urme, m ammals depnved of the pancreas but mth- 
out the admmistration of hj drazme 

Two such obsen^ations haie been made upon ammals kept 
under conditions m everj v ay identical with those depancreatized 
dogs subjected to the influence of hj drazme to be reported below 

ExPERiMEvr 1 From a full-grown bitch of 5 kilos the pancreas was 
removed The operation was completed at 4 15 o’clock on the afternoon 
of Ma\ 2 Upon catheterization at 10 "00 p m of the same daj 10 cc of 
urme were ohtamed which contamed approximatelj 1 gram of dextrose 
The 150 cc of urine ohtamed bj cathetenzation the followmg morning at 
10 30 yielded 5 4 grams dextrose 

Experiment 2 A bull bitch was depancreatized kt 12^ p m , 
Maj 8, the operation had been completed In the 100 cc of urme ohtamed 
bj cathetenzation two hours subsequent to the operation 7 33 grams of 
dextrose were elimmated 

These observations mdicate that dextrose maj appear m signi- 
ficant quantities m the unne withm a very few hours after removal 
of the pancreas, m some instances after an mterv al of two hours 
It would seem therefore that extirpation of the pancreas has an 
almost immediate effect m evokmg glycosuria, that there is little 
or no significant latent penod, which would conform to the blood 
sugar content values obtamed under practically comparable con- 
ditions ^ These experiments also mdicate that the pancreas 
removal was suflicientlj'' complete to insure the speed5^ imtiation 
of pancreatic diabetes 

The prevention of pancreatic diabetes by the subcutaneous injection 

of hydrazine 

The observation that hj^drazme wdl almost mi'anably establish 
a condition of hj-poglycaemia m the dog at once suggested the 
possibility that bj this method pancreatic diabetes could be pre- 


* Underhill This Journal, i, p 113, 1905-06 
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vented It is well IcnoAvn that during this distuibance of carbo- 
hydrate metabolism the sugar content of the blood is above the 
norma 1 The assumption has been made that in this form of dia- 
betes sugar appears in the urme only after the dextrose content 
of the blood has risen to a certain unlcnown pomt beyond which the 
kidneys become permeable to the carbohydrate Theoreticallv 
at least jf the sugai content of the blood could be kept below this 
point no dextrose should appear m the urine In other words 
the appearance of sugar in the urine would depend upon which of 
the two I'actors at issue, namely, hydrazine with its hypoglycaemia 
producing action or the unlmomi force set free by removal of the 
pancrea^ exciting an influence towaid blood sugar accumulation, 
would display the greatei activity 

With' the combination of pancreas removal and hydrazine injec- 
tion it IS therefoie possible to imagme at least three conditions in 
which theoretically glj'^cosuria may not appear In the first place, 
the hydrazine effect may be very much stronger than the influence 
of panel eas removal, in which event sugar would not be elimin- 
ated m the urme Secondly, the two effects may exactly neutral- 
ize each other causing a normal blood sugar content and thus pre- 
vent glycosuria Finally, the effect induced by removal of the 
pancreas may be greater than the hydrazine influence, but the 
action of the latter may be sufficient to prevent accumulation of 
sugar in the blood to the point at w'hich sugar elimination begins 

These theoretical considerations have been put to the test The 
details of these experiments may be found in the following proto- 
cols 

Experiment 3 Dog 9 On Miy 9 at 4 00 p m a full-grown terrier 
bitch of 8 kilos received a subcutaneous injection of 16 cc of a 2 5 per cent 
hydrazine sulphate solution (50 mgms pei kilo) At 11 15 a m , May 11, 
the pancreas had been entirely removed, the operation being performed 
undei ether anesthesia The animal n as wrapped in absorbent cotton and 
placed in a cage in a warni room The mine (60 cc ) obtained by catheter- 
ization at 3 30 yielded no trace of reducing substance with Benedict’s solu- 
tion 1 A similar negative result was given with 40 cc urine obtained by 
catheterization at 5 15 p m Upon catheterization at 11 30 p m 65 cc 
of urine were drawn vhich contained no dextrose When left the dog was 
in good condition and responded to petting The following day at 8 00 


' Benedict This Journal, v, p 485, 1908 
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a m tlie animal was found dead 40 cc of urine fatten from the bladder 
gave negative tests with Benedict's solution Autopsj reiealed entire 
absence of pancreas, the hier presented the tiTiical pale appearance of 
hjdrasinized dogs 

Experiment 4 Dog 10 At 1"00 p m , Maj 13, 20 cc of a 2 5 per cent 
solution of hj drasine sulphate were administered hvpodennicalK to a well 
nourished bitch of 10 kilos On Ma\ 15 the operation for pancreas remov al 
was completed at 11^0 a m Immcdiatelj after the operation the animal 
was giien a subcutaneous injection of 150 cc 0 9 per cent sodium chloride 
solution to supph fluid to the tissues The urme (50 cc ) obtained bv cath- 
eterization at 2^0 p m did not reduce Benedict’s solution At 6 "00 p m 
catheterization auelded 45 cc urme which contamed no reduemg substance 
Benedict’s test was also negatia e with the 110 cc of urine obtained b> cath- 
eterization at 11^0 p m The following mommg 150 cc of urine obtamed 
at OtX) a m bj use of the catheter contained 3 65 grams devtrose The 
animal was immediatelj gnen 10 cc hjdrazine hvpodermically At 12^0 
p m the dog a oided urine which gave a faint test for sugar The quantitv 
present was too small, however, to be estimated with the polariscope Onlj 
5 cc of urine were obtamed by catheter at 3 '00 p m and this gave a nega- 
tn e Benedict’s test At 6-00 p m the few cubic centimeters of unne 
obtamed did not reduce Benedict’s solution The animal at this tune 
appeared to be fadmg rapidly It was apparent that the kidneys were 
not functionatmg as well as normallj , therefore, the dog was given a subcuta- 
neous mjection of 100 cc 0 9 per cent sodium chloride solution The 10 cc 
of urme procured at 11 15 p m failed to give any evidence of reduemg com- 
pounds The foUowmg mommg the dog was found dead The bladder 
was empty The hver was very hght colored Xo evidence of pancreatic 
rests could be seen 

ExPERiMEirr 5 Dog 6 A well-fed bitch of 11 5 kilos receii ed a sub- 
cutaneous mjection of 23 cc of a 2 5 per cent hy drazme sulphate solution 
on the afternoon of April 24 The pancreas was removed April 28, the 
operation being completed at 4^0 p m A few hours previous to the oper- 
ation 10 cc hi drazme (2 5 per cent solution) were given The urme ob- 
tamed at 1230 a m April 29 did not reduce Benedict’s solution AtOtX) 
a m of the same day the dog was found dead hTo reduemg substance 
was present m the 100 cc of urme found m the cage bottle The hver 
presented the typical hght colored appearance No trace of pancreas 
was in evidence 

The results of these observations warrant the conclusion that 
in the quantiUes employed the subcutaneous administration of hydra- 
zine IS capable of preventing the appearance of sugar in the urine of 
depancreaiized dogs The non-appearance of sugar in the urine 
under the experimental conditions can not be asenbed to a latent 
penod attendant upon pancreas removal for m the control expen- 
ments given above glycosuria promptly follows extirpation of 
the pancreas 
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The sugar content of the blood of hydrazimzed dogs after pancxeas 

extirpation 

For the correct interpretation of the above mentioned results 
obtained mth hydrazimzed dogs after pancreas removal some 
knowledge of the behavior of the blood sugar is imperative Such 
data would afford a much better idea of the changes which occur 
in sugar metabolism than can be gamed by a study of the appear- 
ance of sugar m the urine alone It is true that prehmmary exper- 
iments previously reported have demonstrated the action of hydra- 
zine m causing hypoglycaemia but it does not necessarily follow 
that the ,same activity prevails after pancreas removal It can 
be conceived for instance that hydrazine may have at least a two- 
fold activity — one causing a temporary hypoglycaenua, the other 
an action rendering the kidney less permeable to sugar poured 
into the blood after pancreas removal, m a manner opposite to 
that which has been ascribed to phloridzin Improbable though 
this seems, it was necessary to test the matter experimentally 

TABLE I 


The sugar content of blood of hydraztnized dogs after pancreas removal 



m b. 

i§ 2 g 

g a H < 

50 g a J 

BUOAR CONTENT OF BLOOD AFTEn 
PANCREAS REMO\AL 

1 

BODY WEianr 

^ c P 
p e S s 

p ^ 

gSeS 

03 

0 0 S < 

4J ^ |1< > 

S b. w 0 H 

CD 

Alter 
half hour 

Alter 

three hours 

Alter 
six hours 

13 * 12 kilos 

mgms 
per k\lo 

50 


per cent 

0 031 

per cent 

0 016 

per cent 

14 * 16 4 kilos 

50 




0 12 

15 * 8 5 kilos 

50 



D 

0 01 


*No sugar appeared In the urine throughout the experiment 


In the experiments reported in Table 1 the animals were subjected 
to the action of hydrazine for a period' of two days after which 
the pancreas was removed The blood sugar was determined m 
arterial blood drawn from a femoral artery The observations 
reveal at least two indications (a) Hydrazine maintains its typi- 
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cal effect upon the blood sugar by keeping it far bcloiv normal m 
spite of the opposite accumulative tendenc3 charactenstic of 
pancreas extirpation, and (b) in ammals in which hydrazme does 
not appear to greatlj reduce the blood sugar, its mfluence is still 
sufficient to keep the content of blood sugar belov the pomt at 
which the kidnej’^ becomes permeable to it 
In presentmg these data the realization is borne m upon us that 
the duration of these expenments is not verj great Thej’’ repre- 
sent, howeier, the extreme limit of tune that our ammals could 
withstand the combined acbon of hj'drazine poisonmg, pancreas 
removal and extensive hemorrhage The latter alone is quite 
detrimental since for exact determination of small quantities of 
sugar in the Wood fairlj large amounts of blood should be emplojed 
We have used between tventj and tlurtj’- grams of blood for each 
estimation 

The inhbiiion of pancrealic diabetes tn dogs by subcutaneous injec- 
tions of hydrazine 

The non-appearance of sugar m the urme of depancreatized dogs 
previously subjected to the mfluence of hj drazme is possiblj open 
to the criticism that the pancreas extirpation was not sufficientlj 
complete to have mvmnably mduced gljcosuna Although we 
consider this cnticism hardlj valid inasmuch as we have never 
failed to produce glj cosuna after pancreas removal m normal 
dogs it IS nevertheless true that the inhibition of pancreatic dia- 
betes bj hj^drazme would be of far more sigmficance than the 
prevention Only 

Details of the expenments planned to demonstrate this feature 
of the investigation are to be foimd m the foUowmg protocols 

Expehimevt 6 Dog 7 The pancreas was removed from a full-grown 
bitch of 5 kilos on Maj 2 The operation was completed at 4 15 p m 
Unne collected bv catheter at 10<X) p m contained about 1 gram of dex- 
trose The unne contained m cage bottle and that obtamed up to 10-30 
a m , May 3, was found to contain 5 4 grams dextrose At this tune 5 cc 
2 5 per cent solution hj drazme sulphate were injected subcutaneoush A.t 
.30 p m 50 cc of unne obtamed bv catheterization showed a content of 
^ grams dextrose A second injection of hj drazme (10 cc of the above 
so ution) was admmistered The urme (250 cc ) yielded from this tune up 
to 10-30 a m , May 4, showed the presence of 1 gram dextrose Cath- 
eterization at 3^0 p m furnished 45 cc of unne which gaveaverv faint 
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test with Benedict’s solution The quantity of dextrose was too small to 
be indicated by the polanscope The animal n as enthetenzed at 6 00 p m 
and at 9 00 p m and the quantity of urine obtained each time consisted 
of only a fen drops which gave a negative test with Benedict’s solution 
The animal was found dead the neict morning 

From this experiment it is etadent that hydrazine had a very 
decided influence upon the pancreatic diabetes, at first by greatly 
dimimshmg the quantit}’’ of dextrose eliminated and finally by 
completely inhibiting its appearance in the urme This result 
may perhaps be seen better from the followmg consideration The 
sugar eliminated from the time of operation on May 2 to 3 30 
p m on May 3 amounted to 9 23 grams, that excreted from May 3 
at 3 30 p m to Maj'- 4 at 3 30 p m w'as only 1 gram After 
3 30 p m on May 4 the urine was sugar-free The decrease from 
9 34 grams of dextrose in approximately twenty-four hours to 1 
gram during the succeeding day shows the remarkable rapidit}’’ 
with which hydrazme must accomplish its action Fiom the rapid 
falling off m urine secretion it is also e^^dellt that hj-'drazine must 
exert a distinct influence upon the kidney secretion 

Experiment 7 Dog 11 On May 16 the pancreas was remo\ ed from 
a bitch of 7 kilos the operation bemg completed at 11 00 a m As soon ns 
the animal was under the influence of ether preparatorj’^ to the operation 
a subcutaneous injection of 50 mgms hj drazine sulphate per kilo w as given 
Catheterization at 12 30 p m yielded 40 cc of urine which was sugar-free 
The 30 cc of urine obtained at 3 30 p m yielded a small quantity of dex- 
trose At 6 00 p m the dog was again catheterized and the 20 cc of urine 
yielded no reducing body At this time 100 cc 0 9 per cent sodium chloride 
were injected subcutaneouslj’’ From the catheterization at 11^0 p m 
30 cc of urme obtained gave no evidence of the presence of dextrose On 
the follow ing day 100 cc of urine were obtained at 9 W a m which showed 
the presence of the merest trace of dextrose At this time 10 cc of hydra- 
zine sulphate (2 5 per cent solution) w ere giv en The urine furnished at 
3 30p m and 5 30 p m gave evidence of a mere trace of reducing substance 
At 11 45 p m the urme (10 cc ) obtained by catheterization furnished evi- 
dence of the presence of dextrose in the slightest degree onI\ , by Benedict’s 
test the merest precipitate formed on coolmg The animal was still hi ing 
at 10 00 a m , May 18, but was m a somew hat comatose condition About 
5 cc of urine obtained from the bladder contained no 1 educing substance 
The animal died during the morning 

The results of this experiment demonstrate that the influence 
of hj drazine was almost sufficient to completely mhibit the elim- 
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mation of sugar in the unne At one time the inhibition was 
complete, but durmg the mght of iSIaj 16 it is endent that the 
action of hydrazine was insufficient to o\ ercome the sugar accumu- 
lative power of the depancreatized dog and sugar was found in 
the unne, its appearance finallj being pre%’ented bj a second dose 
of hjdrazine 

ExPERrsfEvr 8 Dog 25 From a bitch of 12 kilos the pancreas was 
remoied resulting m the elimination of 11^0 grams of dcvtrose for the suc- 
ceeding twentj -four hours Then a subcutaneous injection of 20 cc hjdra- 
zine sulphate in a 2 5 per cent solution was administered Tv o hours later 
the urine evcreted held 0 CO gram dcvtrose An hour later 11 cc of unne 
obtained bj catheterization yielded the merest trace of devtrose, too small 
to be indicated b\ the polanscope Siv hours after the hi drazine adminis- 
tration the unne was sugar-free 

The data subrmtted justifj the conclusion that hydrazine admin- 
istered to dogs during 'pancreatic diabetes is capable of completely 
inhibiting the elimination of sugar by the kidney 

How much hydrazine is necessary to prevent pancreatic diabetes and 
how long does its action persist? 

The importance of the determmation of the quantity of hj dra- 
zme necessarj' to prevent pancreatic diabetes is obnous How long 
the pecuhar action of the drug endures is a question also partic- 
ularly worthy of mvestigation These topics have as yet been 
considered m the crudest maimer only and hence the results thus 
far obtained do not allow us to make more than the most general 
statements 

To find out the limit of time dunng which a smgle subcutaneous 
injection of 50 mgms hydrazme sulphate per kdo is still capable 
of exertmg its preventive action toward pancreatic diabetes, the 
follomng evpenment was earned through 

Experiment 9 On June 24 a 12 kdo bitch recen ed the usual injection 
o hj drazine Four daj s later the pancreas was removed Within a few 
ouiB after the operation the appearance of sugar m the unne m fairly 
arge quantities (10 to 12 grams per daj ) was noted The animal hved 
two dajs after the operation 

FromJ:his result it is apparent that a smgle subcutaneous injec- 
tion of 50 mgms hjdrazme sulphate per kilo bodj weight is not 
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capable of preventing the appearance of sugar in the unne of dogs 
deprived of the pancreas four da 3 ^s after the hydrazine adminis- 
tration The time during which this influence prevails must he, 
therefoie, somewhere between two and four daj’^s 

A single experiment to test the effect of smaller doses of hydra- 
zine IS detailed m 

Experiment 10 Dog 2G On July S a bitch of 17 4 kilos received "i 
subcutaneous injection of 25 mgms hj drazine sulphate per kilo Tv o days 
later the pancreas v is removed In this experiment it was necessary to 
employ a small quantity of morphine in order to anesthetize the animal 
The pancreas had been removed at 11 30 a m and 4 3 grams dextrose were 
found in the urine at 2 30 p m At 5 30 p m the urine held 3 2 grams dex- 
trose A second injection of the same dose of hvdrizine was now given 
The dog w'as found dead at 0 00 a m the following morning From the 
bladder 30 cc of mine were obtained which reduced Benedict’s solution 

This observation mdicated that a single injection of 25 mgms 
hydrazine sulphate per kilo is insufficient to prevent the elimina- 
tion of dextrose m the unne of dogs deprived of the panel eas two 
days after the initial dose of hydrazine 

A ientailve hypothesis to account foi the action of hydiazine upon 

sugar metabolism 

Forges’- has demonstrated that adrenal extirpation as well as 
adrenal insufficiency exemplified in Addison’s disease leads to a 
significant hypoglycaemia and a disappearance of glycogen from 
the liver Phosphoius- produces the same effects and Neubauei 
and Forges® have ascribed to phosphorus an influence upon the 
adrenals leading to an insufficienc 3 '' of adrenal secietion, presum- 
ably adienahn, thereby causing the liver glycogen to disappear 
and the blood sugar content to deciease This theory was based 
upon experiments m wdiich Neubauer and Forges failed to obtain 
evidence of adienahn in extiacts of the adrenals aftei phosphorus 
admmistration 

^Forges Zeitschnfl fur Ihmschc Mcdizin, Ixix, p 341, 1910, Jxx, p 143 

"Frank and Isaac Archiv fur cxpcruncntcUc Pathologic und Pharmalol- 
ogic, Lxiv, p 274, 1911 

’Neubauer and Poiges Biochcmi'tche Zeil'schrifl, \\\u, p 290, 1911 
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Since pliosphorus and hj drazmc arc now obser\ ed to be alike in 
their effect upon blood sugar content and In er glycogen disappear- 
ance, it IS reasonable to assume that the influence of the tvro might 
possiblybe directeduponthesamcobjcctjnamelj ,upon the adrenal 
The explanation as to the manner m which adrenal secretion 
mfluences carboh}drate metabolism is lacking As a working 
hj^iothesis we haxe made use of the followang scheme of inter- 
action 


DLXGRAM rNDlCXTIXG INFLUENCE OF THE ORGANS ON THE 
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Hydrazine and Pancreatic Diabetes 


In the first place we have assumed that there is an interrelation 
between the panel eas, the adrenals and the liver by the equilibrium 
of which the sugar content of the blood is kept practieally constant 
To accomplish this the pancreas is assumed to pour an internal 
secietion into the blood which tends to mcrease carbohj'^drate 
catabolism, hence to dimmish the blood sugar This influence 
we have called the pancreas secretion factor On the other hand 
the adrenal is assumed to give an internal secretion to the blood 
which has the opposite effect, namely, it has a tendency to check 
carbohydrate catabolism, hence leads to an accumulation of 
sugar m the blood This action we have designated the adrenal 
secretion factor According to this idea of what occurs to keep 
blood sugar content normal, the quantity of glycogen which -mil 
be taken from the liver’s store to accomplish this purpose is entirely 
dependent upon which of the two factors is predominant at an}'^ 
given moment 

If we apply these ideas to panel eas e\tirpation or adrenal re- 
moval, the effects which should theoietically follow according to 
our scheme agree perfectly with recorded observations winch for 
the most part have universal acceptance 

When the pancreas has been removed from an animal our hypoth- 
esis assumes that the pancreas factor is taken away, m other words 
what we have called the influence that “facilitates carbohydrate 
catabolism” is lost Consequently the blood sugar equilibrium 
IS upset because the adrenal factor, which “inhibits carbohiffrate 
catabolism” is no longer counterbalanced b}'’ the pancreas factor, 
the influence normally furnished by the pancieas Without the 
check of the pancreas upon it the adrenal factor now has full play, 
there is less carbohydiate catabolism than normally, sugar, poured 
out of the liver’s store of carboh3’’drate, accumulates in the blood 
(hj’perglycaemia), diuresis is induced in the effoit to eliminate the 
sugar through the kidneys, and then glycosuria is in evidence 
If this condition of affairs is maintained sufficiently long the liver 
will be more or less depleted of its glycogen owing to the body's 
vam effort to furnish sufficient energy for its needs 

On the other hand, removal of the adrenals from a normal ani- 
mal results in a series of events of the opposite order The power 
which has a tendency to “mliibit carbohydrate catabolism,” 
the adrenal factor, has been lost, hence the pancreas factor holds 
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full swaj, resultmg in the rapid catabolism of all a\ailable carbo- 
hj drate material e\ en to the depletion of the In er glj cogen, Icadmg 
to hj'pogh caemia, fall of blood pressure, hence anuna, and no 
glj cosuna 

Extirpation of both pancreas and adrenals should jaeld results 
m correspondence with which of the organs was first removed 
If the adrenals were extirpated first hjTioglj caemia should be in 
evidence, if the pancreas were removed before the adrenal, hjiier- 
glj caemia should prevad The extirpation of both would ulti- 
mate!} mean a complete upset of the sugar regulation of the organ- 
ism 

If we assume that h}drazme acts in a manner similar to the 
action ascribed to phorphorus it is emdent that here hjdrazme 
actmt} upon the blood sugar content would be eqmialent to 
partial or complete extirpation of the adrenals Hence according 
to our tentative h}'pothesis h}drazme may prexent pancreatic 
diabetes b} its inhibition or at least suppression of adrenal func- 
tion \fiewed from another standpoint it is possible that h}dra- 
zine has an action upon sugar metabohsm entirelj similar to 
that exerted by the mtemal secretion of the pancreas According 
to this idea injections of h}drazine cause h}'poglycaemia by in- 
creasmg the efficienc} of the pancreatic secretion or by augment- 
ing its output All the results thus far obtamed could be mter- 
preted upon this basis 

Assummg that hydrazme does exert some inhibitor}' influence 
upon adrenal secretion one might expect perhaps to obtam 
some indication of this b} testmg adrenal extracts furnished by 
h}drazimzed dogs for the generall} accepted actne prmciple of 
adrenal secretion, namel} , adrenalm 


Is the secretion of adrenalin inhibited by hydrazine administration? 

The communication of Neubauer and Forges' demonstratmg 
the absence of adrenabn m the adrenals as a sequel to phosphorus 
admimstration would lead one to infer that possibly hydrazme 
has a siimlar influence, more especially as both these agents have 
the same action upon the blood sugar causmg it to be significantly 
decreased The exhibition^ of adrenalm m the adrenals is usu- 


‘Keubauer and Forges loc cit 

cf Biedl Inncre Secrelwncrt, for literature to color 


reactions 
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ally made bj'' color reactions, among which may be mentioned the 
development of a led color on the addition of mercunc chloride, 
or green coloration caused by adding a neutral solution of feme 
chloride to aqueous extracts of these organs 

In our first attempts to gam evidence of the presence of adre- 
nalin in watery extracts of the adrenals by the above mentioned 
color reactions we were unsuccessful It soon developed, hoi\- 
ever, that the accompan 3 nng turbidity, presumably of a protein 
nature, was the cause for our failures, for if the filtrates could he 
obtained water clear the reactions proved to be very delicate Our 
final method for demonstrating the presence of adrenalm con- 
sisted m grindmg the adrenals to a pulp in a mortar -mth fine sand 
and a very little watei or physiological salt solution This mix- 
ture was filtered and the turbid filtrate clarified bj'- the addition 
of just enough mercuric chloride to precipitate the protem (usu- 
ally two or three drops of a 10 per cent solution) The clear fil- 
trate, on the addition of a little more mercunc chloride, soon 
yielded the pmk or red color characteristic of adrenalm The 
development of the coloration was much more rapid and intense 
if the solution was warmed somewhat The green color reaction 
with feme chloride was obtamed m a similar manner, the pre- 
limmary addition of mercuric chloride for the purpose of clang- 
ing the turbid filtrate bemg vnthout any apparent detriment to 
the reaction In fact, so little mercunc chloride was added that 
it IS probable that practieallj’’ all of it was removed m combina- 
tion with the precipitate 

With this method the extracts of the adrenals taken from seven 
normal dogs showed the presence of significant quantities of adre- 
nalin 

Dogs 'poisoned with hydiazine, the dose of which was in some 
instances large enough to hill the anvmdls within twenty-four hours, 
yielded adienals giving apparently as strong adrenalin reactions as 

normal animals This result makes it evident, therefore, that even if 
hydrazine does have an inhibitory mfluence upon adrenal produc- 
tion the inhibition is not complete, it is a quantitative mfluence 
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CO^CIiXJSIO^S 

Removal of the pancreas from normal dogs may be followed 
by the appearance of sugar m the unne mthin a period of two hours 
Gljcosuna fails to manifest itself after pancreas evtirpation m 
dogs that ha\e received previous mjections of hydrazme In 
general this effect is produced by a single subcutaneous mjection 
of 50 mgms per kilo hjdrazme sulphate The mfluence of the 
h3drazme admmistration lasts between two and four dajs A 
smgle mjection of 25 mgms per kilo hydrazine sulphate does not 
prevent sugar elimination m the urme, under the experimental 
conditions, after pancreas removal 
The blood sugar content of animals treated with hj drazme and 
then depancreatized remains below the normal, or at least hj'per- 
glj caemia is not m evidence 

Hj'drazine introduced mto dogs durmg pancreatic diabetes is 
capable of completelj' inhibitmg the excretion of sugar bj^ the 
kidney 

After hj drazme administration the presence of adrenahn m 
the adrenals may still be demonstrated In this respect hj dra- 
zme differs from phosphorus 

A tentative hj’pothesis to account for the phenomena is presented 

We are greatlj mdebted to Professor Lafayette B ilendel for 
aid m some of the operations for pancreas extirpation and for 
criticism of the manuscnpt 




AK IMPROVED APPARATUS FOR THE DETERMINATION 
OF AMINO GROUPS 


Bt DA\ id KLEIN 

{From the Deparlmenl of Chemistry, Unicersity of H'lsconsin ) 

(Received for pubbcation, August 15, 1911 ) 

Recently Van 51} ke^ has proposed a method for the estimation 
of aliphatic ammo groups, at the same time descnbmg an appa- 
ratus for canning out the detenmnations The apparatus herein 
desenbed is the result of our expenence mth the ongmal appa- 
ratus of Van Slyke 

The advantages of the nevr method over the old ma} be enum- 
erated as follows (1) Simpler design (2) Less likelihood of leak- 
age (3) Greater permanence of installation Once the apparatus 
is set up it can be used mdefimtely vathout disconnectmg it at anj 
point, either durmg the experiment or after its completion 
The constructive details of the apparatus are quite evident 
from the figure All tubmg is a medium bore capillar}' tube, a 
fine capillary is of no special value The mampulation is as fol- 
lows 

Dran the liquid from the absorption pipette so that it comes 
through the stop-cock A of the capillar}' three-way stop-cock 
Then turn this stop-cock so as to make connection betn een the 
burette B and the air at C Pour 28 cc of the potassium mtnte 
solution in the reservou D, from which it is drawn into E b} lower- 
mg the leielhng bulb to burette B It is advisable to leave a 
little of the hqmd above the cock F Discharge the air m the 
burette B through A It is not necessan' to fill the capillary' tube 
with liquid Pour the solution to be analyzed mto G Then 
pour 7 cc of glacial acetic acid mto D, from which it is allowed to 
enter E b} lonenng the levellmg bulb of the burette Do not let 

’This Journal, jx,p 185 1911 
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gas space is soon formed in E Meanwhile drive all of the air 
out of the burette, this tune filling the capillar3’’ so that a few drops 
of the hqiud run out of A into the test tube over C Close H 
and turn A, so as to connect the absorption pipette with the bu- 
rette Close F and draw the liquid from G to E, being careful not 
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to run it below J Close J, wash G \suth a little water which is 
then run into E Repeat two or three tunes After the action 
has proceeded fi\e minutes, draw liqiud from D mto E until it 
rises to R Then force the gas from the burette mto the absorp- 
tion pipette, so that the acidulated water entirely fills the capiUarj 
of the pipette If the pipette is shaken while the gas is passed 
into it, the tune of absorption can be greatly reduced The unab- 
sorbed gas is run back mto the burette, this tune drawing the per- 
manganate to tap H The rest of the method is the same as m 
Van Slyke’s paper 

To clean the apparatus force the hqmd through K Distilled 
water is admitted through B and G mto E, which can be cleaned 
with two or three washmgs The reaction vessel is convementlj 
supported upon a grooved cork at L, from which it is easily remo\ ed 
to shake the apparatus from tune to tune, and as easily replaced 
An additional tube for amyl alcohol is unnecessarj' The amjl 
alcohol could be admitted before the potassium nitnte solution 
through D, or later through G 




A NOTE ON SHAFFER’S METHOD FOR THE DETERMI- 
NATION OF ^-OXYBUTYRIC ACID 

Bv ROBERl A COOEE akd E E GORSLIN 

(From the Laboratory of Chemical Pathology, Cornell Umccrsily Medical 
College, A'ctc Yort City ) 

(Recei\ ed for publication, August 25, 1911 ) 

A few jears ago Shaffer proposed a method for the quantita- 
tive estimation of d-oxj'butyric acid m mrme,’ v hich depends upon 
the comersion of the acid to acetone b5' distillation with potas- 
sium dichromate m an acid medium, after prehmmar>' removal of 
mterfermg substances bj an excess of basic lead acetate and 
ammoma 

Embden and Schmitz,- m a discussion of this method, state that 
satisfactorj results nere obtained on normal urmes to which 
/S-oxjbutjTic acid was added, but that with urmes containing both 
sugar and P-oxj butj nc acid duplicate determinations vaned widelj 
Thej report also, contrary to Shaffer, that glucose itself, when 
distilled under the conditions presenbed, jnelds lodme-bmdmg 
compounds to such an extent that the method is inapplicable to 
sugar-containmg urmes Reports from several other laboratones 
have shown dissatisfaction because of adiscrepancj between dupli- 
cate determinations 

These cnticisms hav e prompted us to report our results, which 
have proved entuel> satisfactorj when the method is followed 
with the modifications suggested below 

Contrarv to the findmgs of Embden and Schmitz and m agree- 
ment with Shaffer, our results shon that m urines contaimng con- 
siderable sugar, the amounts of lodine-bmdmg compounds formed 
are extremelj small and are not sufficient to vitiate results Nor- 

'This Journal, i, p 211 

Abdcrhaldcn's Handbuch d biochcm Arbeitsmethoden, ui, part 2, p 936 
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Determination of /3-0\ybutyric Acid 

inal urines, as is 'vvcll loiomi, give lodine-bmding compounds rarelj'^ 
exceeding an amount coi responding to 0 1 gram of /3-o\ybutyric 
acid for a twcntj^-four-hour specimen The follomng are samples 
from dcterininations on normal urines and on the same urmes in 
which 2 pci cent of sugar was present during distillation The 
icsults aic gnen for duplicate analj’^ses and calculated for 2000 
cc of urine 

1 a Normal urine 
h Same urine + 2 per cent of glucose 

Increase due to glucose 

2 a Normal urine 
h Same urine + 2 per cent of glucose 

Ina ease due to glucose 

The difficulty, therefore, with sugar-contammg urines lies not 
in the fact that lodine-bindmg compounds are formed, but rather 
that glucose, if present, is much more readily oxadized than jS-ox}-^- 
butjTic acid by the dichromate, and as a result the oxidizing 
agent is rapidb’’ used up and may not be present m the concentra- 
tion required for the most rapid and complete conversions of the 
acid present, the determmations of which are consequently low 
and irregular 

As a matter of fact, and this is a point that Embden and 
Schmitz have apparently overlooked, the interference by glucose 
can be entirely disregarded, for the preliminary treatment of urines 
by ammonia and basic lead acetate m excess almost quantita- 
tivelj'^ removes this sugar, as well as glycuronates W e have exam- 
ined the filtrates of a number of urmes so treated, some originallj'^ 
containing as high as 10 per cent of sugar, and have never found 
higher than 0 1 per cent of glucose present in the filtrates 
We wish, therefore, to emphasize the importance of the addition 
of basic lead acetate in excess As this is only assured by testing 
the filtrate, w^e have embodied as one modification the addition 
of sulfuric acid, which shows an excess of lead m solution, and at 
the same time removes it by precipitation 
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Shaffer advised the addition of 400 to 500 cc of 01 per\ nt 
to 0 5 per cent solution of dichromate through a dropping funY 
We ha\e found that 5 cc of 5 per cent dichromate, amountmg 
to 0 25 gram of the substance, may be added at once at the begm- 
mng of the distillation and smaller amounts (1 to 5 cc ) later, 
dependmg upon the appearance of a greenish color The contents 
of the flash should alvra3’S be kept a decided yellow Rarely more 
than 10 cc of dichromate is needed 

The followmg procedure has given satisfactory results m a 
large number of determinations on unnes containmg varying 
amounts of sugar and j3-ovybutync acid It is essentially the 
method of Shaffer, modified to insure the addition and subsequent 
removal* of an excess of basie lead acetate and also to simphfy 
the procedure bj the addition of more concentrated dichromate 
solution 

From 25 to 250 cc of imne- axe measured mto a 500 cc glass- 
stoppered graduate An excess* of basic lead acetate and 10 to 
20 cc of concentrated anunoma are added After dilutmg to 500 
cc the mixture is thoroughly shaken and filtered Three-hundred 
cubic centimeters of the filtrate are put m a 500 cc glass-stoppered 
graduate, neutralized with concentrated sulfunc acid, and agam 
made up to 500 cc and filtered An ahquot part of this filtrate, 
usually about 200 cc , is placed m an 800 cc Kjedahl flask * 
Fifteen cubic centimeters of concentrated sulfuric acid and a httle 
talcum are added, and water to 500 cc The mixture is then 
distilled,* about 250 cc of distillate bemg collected 


'Removal of excess of lead acetate is necessarj to prevent bumping dur- 
ing distillation If there is only a sbgbt precipitate of lead sulphate it 
maj be alloi^ed to remain 

-When the unne gives a strong reaction for diacetic acid with ferric 
chloride, and from 5 to 10 gms of S-oxjbutnc acid are expected, from 25 
to 50 cc of the unne will he sufficient Where little /3-oxybutync acid is 
expected, from 150 to 250 cc should be used 

* Basic lead acetate may be added either dry or as a saturated solution 
Three volumes of the latter to one of unne will furnish the needed excess 
with urmes contammg as high as 5 per cent of glucose It is always well to 
test a small sample of filtrate with sulfunc acid, however, m order to be 
sure of the requmed excess 


* Tlie flask is conveniently marked to show volumes of 600, 400 and 300 
cc and should be fitted with a droppmg tube 

'The condenser should be well cooled by a rapid stream of cold water and 
a little cold wafer should be placed m the collection flask 
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This distillate (A) contains the volatile acids and acetone, pre- 
formed and from diacetic acid The former are removed by dis- 
tilling again after adding 10 cc of 10 per cent sodium hydroxide 
and a little talcum The resulting distillate is titrated with stand- 
ard iodine and sodium thiosulfate ^ 

The residue of urine and sulfuric acid is diluted to 600 cc and 
5 cc of a 5 per cent solution of potassium dichromate is at once 
added The mixture is then distilled doira to 800 cc Water 
IS added through the dropping tube to 500 cc and distillation 
continued down to 300 cc again In this way 500 cc of distil- 
late IS collected (Distillate B) Additional 5 per cent bichromate 
IS run in, a feiv cubic centimeters at a time whenever the solution 
commences to turn green, showing a reduction of considerable 
amount of the dichromate The volume should never be allowed 
to decrease below 250 cc 

Distillate B is ledistilled after adding 20 cc of 3 per cent hydro 
gen peroxide and 10 cc of 10 per cent sodium bj'droxide About 
300 cc are collected and this is titrated mth the standard iodine 
and thiosulfate as usual This gives the amount of /3-o\ybut} ric 
acid present m terms of acetone 

The follow mg are samples of the dujihcate results obtained by 
this method on sugar-containing urines The conversion of P-o\y- 
butyric acid wms complete m 500 cc , continued distillation showang 
no lodme-binding compounds 



ACETO\E ^.NDEIACETIC ICID 

0 OXTBUTYRtC 4CID 


grams 

grams 

r 

3 8/0 

1 13 05 

1 Tw enty -four-hour urine < 

3 784 

1 13 12 

( 

2 21 

S 36 

2 Twenty-four-hour unne i 

2 34 

S 49 

f 

2 92 

13 20 

3 Tw enty-four-hour urine < 

2 85 

13 13 


> If 103 4:^ iodine and thiosulfate arc used, 1 cc equals 1 mg of acetone 
or 1 794 mg of p-orybuty nc acid 
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Unircrsity ) 

(Received for pubbcation, September 2, 1911 ) 

The function of the enzyme catalase remains obscure despite 
repeated efforts to solve the question The hterature upon this 
subject has been reviewed recently m the monograph of Efastle* 
and new contnbutions are constantly appearmg It is notour 
purpose to enter upon this discussion but simply to test one side 
of the problem, namely, whether any relationship exists between 
oxidative processes m general and the power of the tissues to 
decompose hydrogen peroxide 

The sea urchin’s egg offers an advantageous means of approach- 
mg this phase of the problem, smce it has been shown by Warburg’ 
and J Loeb’, workmg with two different genera of sea urchins, that 
these eggs after fertilization consume several hundred per cent 
more oxygen than before 

A series of experiments very similar to those herewith reported 
was conducted by E P Lyon^ This author determmed the 
catalytic activity of Echmoderm eggs before and after fertilization, 
etc The following paragraphs are quoted from his report ' 

“Starting with equal suspensions of fertilized and unfertilized eggs, it 
was observed that, soon after the addition of distilled water, the unfertilized 


'Hjgienic Laboratory, Bulletm No 59, 1909 
^ Munch med Wochenschr , Ivui, p 29S, 1911 
* Arch f EnlmcUungsmechanil d Organismen, vzai, p 65S, 1911 
‘Amcr Joum of Physiol , xxv, p 199, 1909 
‘L\on Loc cit , p 207 


29S 
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eggs in some experiments might split peroxide as rapidly as the fertihzed 
Indeed sometimes the action of the unfertilized eggs after treatment with 
distilled water exceeded for a time that of fertilized The dif- 

ferences were not striking, however, and some little time after the addi- 
tion of distilled water, in the clearest experiments the fertilized again ex- 
ceeded the unfertilized eggs in catalytic power But the differences here 
were not nearly so great as those between the normal fertilized and unfer- 
tilized eggs in sea water In other words, the effect of the addition of dis- 
tilled water was a real or apparent increase of catalase in both fertilized and 
unfertilized eggs, but in the latter much more than in the former " 

He concludes “that if the entire egg of Tozopneustes or Arbacia be 
treated with hydrogen peroxide, much more oxygen is set free by eggs which 
have been fertilized a few minutes than by unfertilized eggs The change in 
the catalytic pow'cr begins about three minutes after sperm is added and 
reaches a maximum in about twenty minutes No further striking change 
in catalase content or action is demonstrable either with each succeeding 
cleavage or at later stages of development ” 

Tile element of uncertainty of the first paragraph renders the 
author's summary less conclusive to the reader Suffice it to say, 
our expel iments do not confirm Lyon’s findings 

In all of our experiments only fresh eggs and fresh spermatozoa 
were used 


METHOP 

The usual method of determining the catalytic actmt}'’ was 
employed Ten cubic centimeters of a suspension of egg or sperm, 
etc , were placed m a salt mouth bottle m which there w'as a 
vial containing 5 cc of freshly neutrahzed hydrogen peroxide 
(Oakland, 3 per cent) and the bottle connected with a gas burette 
The small vial was then overturned and the bottle containing it 
agitated for a penod of one mmute The hydrogen peroxide at 
once began to decompose and the amount of gas liberated wms 
read every fifteen seconds 

The sperm was collected in sea water Its catalytic activity 
in the amounts used was found to be very low For instance, 
three drops of an emulsion of sperm m sea water were added to 
10 cc ofdistilledwaterandkeptasastock Two cubic centimeters 
of this stock diluted with 8 cc of distilled water gave the following 
readmgs 
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8ECOVDS 

orroEH 1 

OXTGUN cntci: 


I 

CC I 

ce 

15 

02 

0 1 

30 

0 2 

0 3 

45 

02 

0 3 

60 

1 

03 

0 4 


This detemimatioii of sperm activity was corroborated repeatedl 5 ' 
In the above concentration its power of decomposmg hydrogen 
peroxide is so small that it will not be considered m the experiments 
to follow 

Eggs were collected in sea water, strained through cheese cloth 
and washed three or four times mth large amounts of fresh sea 
water The washmg was always performed m the refngerator 
A fixed quantity of eggs thus obtamed was suspended m a definite 
quantity of sea water and kept as a stock One cubic centimeter 
of this suspension was then diluted with 9 cc of sea water and 
its catalytic activity determined The above dilution was arbitra- 
rily chosen, since, at that strength the amount of oxygen liberated 
could be more readily and accurately measured The same pip- 
ette to measure the eggs was used throughout the experiments 
One was selected which permitted of a rapid discharge thus mmi- 
nnzmg this error as much as possible In the actual experiments, 
10 cc of the stock suspension of ova were measured mto each of 
four centrifuge tubes ^ Two of these tubes contamed simply the 
ova suspension and two were fertibzed The fertibzation was 
always controlled rmcroscopically Only one to three drops of 
the emulsion of sperm was necessary for this purpose, and this 
could not effect the catalytic activity 

After centrifugation the supematant fluid was carefully removed, 
first with pipette and then with filter paper, and 10 cc of distilled 
water added The tubes were then agitated until the ova were 
proven to be dismtegrated by microscopic examination In this 
process itwi^ noted that the fertibzed eggs dismtegrated more easily 
han the i^ertdized ones Two cubic centimeters of this emulsion 
u ere further diluted with 8 cc of distilled water and its cataljdic 

'The speed of centrifugation has no effect upon fertihzation 




298 


Relation of Catalase to Oxidation 


activity tested As a rule not only were duplicate readings made, 
but also duplicate expenments were carried through The experi- 
ments with unfertilized eggs wall be designated A and A', those 
vuth fertilized eggs B and B' All results are expressed as cubic 
centimeters of oxygen 


ExPcniMENT 1 Fertilization 12 minutes, microscopically, pronounced 
fertilization membrane, very few unfertilized eggs 


encoNDs 

UNFERTILIZED 

1 FERTILIZED 

A 

A 

A' 

A' 

B 

B 

B’ 

B 

15 

! 

, 5 4 

5 0 

5 2 
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f 

' 5 6 

B 

5 8 

6 0 

30 

11 0 
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10 4 

1 11 0 


11 0 

11 6 

45 

16 0 

15 6 

15 4 

15 0 

1 15 6 


15 8 

16 2 

CO 

20 4 

19 8 

19 8 



20 8 j 

20 6 

20 6 


Experiment 2A Fertilization 10 minutes Fertilization membrane 
well developed 
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A 

A 

A' 

A' 
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B 

B’ 

B' 
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70 

6 8 

1 
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7 0 
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7 6 

30 
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14 4 

45 
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19 4 

19 2 

19 6 

20 6 

20 8 

20 4 

20 6 

60 

25 2 

25 0 

24 6 

24 8 

26 2 

26 4 

26 2 

26 2 


Experiment 2B Fertilization from 30 to 35 minutes, otherwise treated 
exactly as A Microscopically, mostly fertilization membrane, some with 
beginning division, others progressed as far as the 4-cell stage 
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A 

A' 

A' 
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Experiment 3A. Fertilization 10 minutes Microscopicall j , mostlj 
membrane stage, feip eells begmmng division 
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B 

B 
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IS 2 
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60 
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23 4 
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B Fertilization one-half hour longer than in A, i e , 40 mmutes Mi- 
croscopicalh , the majority show fertihzation membranes but manj show 
2- and 4-cell stage 
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A 
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B 

B 

B 
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Experiment 4A Fertilization 10 minutes Microscopicallj , membrane 
stage 
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Si.l, f«‘2.Ld"’°“'“ „.o 2.e,I 


SECONDS 
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30 

45 
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A 

A 

B 
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In man} instances the catalytic activity of the supernatant sea vatcr 
was determined also 5 cc were diluted with 5 cc of distilled water The 
following example is quoted from experunent 2 where the supernatant 
fluid was tested 


SECONDS 

UNFERTILIZED 

|j FERTILIZED 

A 

A' 

r ® 

B 

15 

0 6 1 

0 5 

1 

1 0 5 

0 5 

30 
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1 2 
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1 4 
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Unfoitunately the catalytic actmty of the sea water itself was 
not determined but the results obtained with the supernatant 
fluid, of which the aboxm is an example, were so unifoim that the 
feitihzation could not have exercised an}^ influence upon its 
activity 



Samuel Amberg and M C Wmternitz 301 

Lj on noted in his experiments that the rate of e\ olution of the 
OX} gen did not follow the reaction of the first order From our 
tables it will be seen that the rate of evolution m the time umts 
seems to be very umform — ^that is, approximately the same amount 
of OX} gen IS liberated m each 15 seconds 

The above experiments show firstly, that the fertfiization of 
the eggs does not exercise any influence whatsoever upon its cata- 
bdic actmty , and secondly, since the sea urchm’s egg after fertiliza- 
tion uses several himdred per cent more oxygen than before, it 
does not seem probable that the catal}’tic activity has any direct 
relation to oxidative processes m general 

The explanation for the increase of catal}'tic activity of sea 
urchins’ eggs treated with distilled water lies m the fact that the 
water hberates the catalase contained m the egg In support of 
this view two other observations may be cited Firstly it is 
known that the Fundulus egg is resistant to distilled water * 
Unfortunately the season for Fundulus at the Marine Biological 
Laboratory, Wood’s Hole, Mass , where these experiments were 
conducted, was nearly 01 er and only 158 npe eggs of Fundulus 
heterodiius were obtainable These were divided into two equal 
parts, washed several tunes with sea water, and finally the sea 
water was carefully removed One portion was taken up m 12 cc 
of distilled water The other portion was diluted with 10 cc of 
distilled water The eggs were thoroughly mashed with a glass 
rod and the suspension well shaken This was then washed mto 
the container with 2 cc more of distilled water and tested 


eccovDs 
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45 

1 0 3 
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1 5 


The matenal to test fertilized eggs could not be obtamed 
Secondlj A fixed amount of human blood was removed in a 
white blood pipette In experiment A this was placed m 10 cc 

‘loeb ^rc?i / Enlmcf lungsmechani} d Orgamsmen, xxxi, p 654,1911 
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of distilled water and tested In experiment B it was placed in 5 cc 
of distilled water and 5 cc of ^ NaCl solution were added This 
lakcd the corpuscles In experiment C it was placed in NaCl 
solution which did not lake the corpuscles These were then 
tested wth the followung results 


BECONWJ 
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Similar results may be obtained with the sea urchms’ egg as is 
seen in the following experiment and as Lyon has shown previously 

A 0 5 cc of certain emulsion of sea urchin eggs plus 9 5 cc of sea water 
B 0 5 cc of certain emulsion of sea urchin eggs plus 9 5 cc of distilled 
water 

C 1 0 cc of certain emulsion of sea urchin eggs plus 9 0 cc of sea water 
D 1 0 cc of certain emulsion of sea urchin eggs plus 9 0 cc of distilled 
water 


SECONDS 

1 

A 

B 

C 

D 

15 

1 2 

3 2 

2 0 

6 2 

30 

2 4 

6 0 

24 

10 6 

45 

3 8 
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4 2 

15 0 

60 

5 2 

12 0 

8 4 

17 8 


CONCLUSION 

The fertilization of sea urchins’ eggs which leads to an increase 
of four to six times its cell oxidation, is not accompanied by any 
increase in its catalytic activity 
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IKTRODUCnON 

For many j ears unlike \ alues m nutation have been asenbed 
to the proteins of animal and \egetable ongin Novr that the 
chemical mdl^^duahty and phj'siological specificity of the so- 
called proximate prmciples are assertmg their importance, ^ fur- 
ther study of the availability of the foodstuffs seems especially 

‘ Reference maj be made to the recent researches on the amino-acid 
requirements of the animal orgamsmbi Abderhalden,Hennques, ALchaud, 
(see bibhographj ), and others Cf also the studies of Hunt (Hjgienic 
Laboratori , Public Health andManne Hospital Semce of the Umted States, 
Bull C9, 1910), which indicate that the resistance of animals to certain 
poisons maj rarj with the character of their diet 
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desirable Tlie opinion is freely expressed that the animal pro- 
teins are far better utilized than those of plant origin, and the 
followng statistics compiled by Atwater and Bryant^ may be 
quoted on this point 


Animal foods 
Cereals 

Legumes, dried 
Vegetables 
Fruits 

Vegetable foods 
Total food 

It can scarcely be said that we are yet in a position to explain 
adequately the poorer utilization of the nitrogen components of 
certam vegetable foods Voit- and his followers® were early aware 
that structural peculiarities of plant products, such as cellulose 
walls, etc , render the proteins comparatively maccessible to the 
digestive juices, thus in part explaming the possibility of poorer 
utilization The question of the relative availability and nutri- 
tive value of the vegetable proteins per se has received httle atten- 
tion, ownng m large part to the technical difficulties m secunng 
suitable isolated products for study 
We have undertaken a detailed mvestigation of some of the 
factors mvolved in the digestibility and utilization of the proteins 
of vegetable food materials An attempt has been made to elim- 
mate many of the unfavorable conditions or factors which attend 
the use of these plant products, and above all to study the nutri- 
tive value of their proteins as such Incidentally it has become 
necessary to devote some attention to various features of the ali- 
mentary functions, such as the origin of the feces, which have an 
important bearing on the interpretation of experimental results * 

1 Atwater and ]3r3-ant Eeport of the Storrs Agricultural Experiment 
Station, 1899, p 86 

- Voit Stizungshenchte dev Bai/erischcn ALademie, ii (4), 1869 
’ Cf Rubner Zatschnft Au Biologte, m\, p 45, 1SS3 
•• The data in this and succeeding papers of this senes are taken from the 
dissertation of M S Fine, Yale University, 1911 
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FACTOES INTOIiTED 

The lovr nitrogen content of most vegetable foods necessitates 
the mgestion of a relatively large volume This generally in- 
creased bulL of vegetable food may of itself lead to more rapid evac- 
uation and lessen the possibihties of digestion and absorption 
Agam, m comparison with products of animal ongm the vege- 
table foods may present an unfavorable texture In older plants 
the cell walls may be qmte tough and even supplemented with 
lignin There is evidence that cellulose is not digested to any 
considerable extent by the higher animals,^ and the -vegetable 
membranes are not always easily permeable to the digestive juices - 
It IS of primary importance for digestion that the plant cells should 
be thoroughly dismtegrated That ordinary cookmg is not suffi- 
ciently ngorous treatment to brmg about complete rupture, is 
brought out m a subsequent paper of this senes Observations 
by TVicke indicate that the mtrogen utilization of diets containmg 
much bread becomes more and more unfavorable -with mcrease 
m the cellulose content Thus, vath an almost constant mtrogen 
mtake, the mtrogen utilization was 79, 75, 63, 69, 53 per cent 
respectively -with a cellulose concentration m the food of 0 2, 0 3, 
II, 13, 16 per cent This condition is probably due m great 
part to the mcomplete rupture of the cells Whether the cellu- 
lose per se exerts an unfavorable influence, that is when it cannot 
be accused of rendenng the nutnents maccessible to the digestive 
agents, is a question which has received comparatively little atten- 
tion The matter -will be discussed fully in a later paper 
Mechanical factors maj' influence the rate of passage through the 
alimentary canal This apphes to coarse particles such as are 
den\ ed from seed coats m bran Wheat bran and similar products 

contain phytin to -nhich a laxatne action has been attributed m 
the case of cattle ’ The fermentative de\ elopment of acid and 
gas vath the consequent stimulation of peristalsis has hkewise 

' Cf Scheunert and Lotsch Biochemi'^che Zeilschnfl, -cc, p 10, 1909 
Cf Rubner loc cit 

’ Cf Jordan, Hart, and Patten American Journal of Phy^xology, xvj 
p 20S, 190o, Hart, McCollum and Humphrev Wisconsin Agncultural 
Eipentncnt Station, Research Bull Xo 3, 1909, also Mendel and Underhill 
Ammcnn Journal of Physiology, -wu, p 75, 1905 
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been pointed out in connection with utilization For e\ 3 mple, 
Memcanti and Piausnitz noted that poor utilization of bread nitro^ 
gen is accompanied by high acidity of the feces 

In addition to the preceding considerations we must ask our- 
selves whether the vegetable proteins by themselves exhibit anj 
iiihcicnt lesistance to the digestive enzymes of man ^ To this ques- 
tion ve have devoted special attention 

EAULIEU STUDIES VITH BREAD 

The actual nutritive value of bread was early investigated by 
BischolT and, '\'’oit on dogs They’’ found the nitrogenous constit- 
uents of biead to be 80 to 84 per cent available E BischoS 
repoited a nioie extended study’’, in which the nitrogen of bread 
was shoAim to be 82 to 85 per cent utilized When the nitrogen 
and stai ch of bread u ere i eplaced by the nitrogen of meat and pure 
staich, the utilization vas 92 per cent, which result would lead one 
to believe that the low digestibility of the bread nitrogen might 
be attiibuted to the unfavorable texture 
Mey’ei also found that the texture plays an important idle in 
the utilization “Semmel" — ^udiite bread made of the finest 

floui — was SO per cent available, while “Pumpernickel” had a 
digestibility’ of but 58 per cent Rubner obtained results essen- 
tially’’ the same as those reported by Mey''er 
Wicke found decorticated wheat bread to be more thoroughly 
utilized than undecorticated, thus being in accord ’with Rubner's 
experiments, in which it was shorni that the nutritive value of 
bread becomes lower as the bran content inci eases 

Fiom the studies of Memcanti and Prausnitz it appears that 
the nitiogen of rye biead is less digestible (70 per cent) than that 
of wheat (87 per cent), while bread made of equal parts rye and 
wheat had a nutiitive value between the two (80 to 82 per cent) 
From the data^ thus briefly cited, it is apparent that the nitrog- 
enous constitutents of products made of decorticated finely ground 

1 Cf Moore, in Schafer’s Textbook of PhysiologTj, p 441, 1S9S, and Hammar- 
sten Lehrhuch dcr physiologischen Chemic, 1909 

2 For other experiments, in which bread formed a larger or smaller part 
of the diet, see the digest by Atwater and Langiiorthj Office of Exper- 
iment Stations, Bull 45, 1S97 
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wheat are the most thoroughly digested,^ although evidentlj 
not as completely as meat, whereas the coarse breads, made of 
undecorticated flours, are ^ery poorly utilized Between these 
there are all gradations, depending upon the texture It is wor- 
thy of note that under apparently the same conditions of texture, 
etc , rye bread is less well utilized than wheat bread 
In the studies above reviewed the mtrogen of bread has in no 
case been shown to be as available to the organism as that of meat 
However, it is difficult to deduce satisfactory conclusions from these 
experiments as there has usually been some complicating influence 
— bran, cellulose, acidity, etc In the properl 3 ’’ conducted exper- 
iment one would employ the pure protem, free from bran, starch, 
and cellulose, or the latter at least thoroughly disintegrated The 
starch can very easily be washed out of flour, and thus a fairly 
pure protein preparation obtamed The resulting matenal — 
gluten — IS a common commercial article A si mil ar product — 
“aleuronat” — ^is slightly changed gluten 

EABLIER STUDIES WITH ISOIATED FHOTBINS 

Rubner found the utilization of macarom noodles with and with- 
out gluten to be 89 and 83 per cent respectively However, the 
mtrogen mtake in the former diet was twice as great as that m 
the latter, and there is thus the possibihty that with equal mtro- 
gen intakes the coefficients of digestibihty would have been more 
nearly ahke In an experiment on a man Constantimdi found 
gluten to be 94 per cent digested, and the utihzation m two exper- 
iments on a dog was 97 per cent Potthast showed this material 
to be 92 per cent available, and Lusk obtamed the somewhat 
less favorable result of 87 per cent Komauth found the utihza- 
tion of gluten to be 91 per cent against 78 to 82 per cent for dned 
meat protein 

The thorough digestibihty of “aleuronat” has been demonstrated 
fay many workers, notablj’- Bomstem, Laves, 'W’mtgen, and Sal- 
kowski In recent j ears ghadm, among other proteins, has been 
the object of study , with particular reference to its abihty to mam- 

* Cf W oods and Memll Office ot Expenment Stations, Bull 85, IIXX) 
rhcse authors gii e the utilization of the protein of white bread as 86 per 
cent being the average of thirteen expemnents 
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tain nitrogen equilibrium Incidentally n e may glean some data 
bearing upon the subject of protein utilization Abderhalden 
found gliadin to be 9 1 to 98 per cent digested, this result being even 
better than the utilization of 90 per cent for horse meat Michaud 
obtained coefficients of digestibility for “glidm” of 86 to 96 per 
cent Buslik and Goldhaber also worked mth “ghdm” and found 
its utilization to be as good or better than that of meat nitrogen 

METHODS 

The ideal method for the elucidation of the question as to the 
relative degree of digestibility of animal and vegetable proteins 
would seem to be the feeding of such mixtures of the pure foodstuffs 
protein, sugar and fat — free from starch and cellulose * By this 
procedure one would avoid the complicating factors of excessive 
volume, characteristic of plant food, and the maccessibihty of 
the food materials due to the inclusion of these substances within 
the impenetrable cells In some instances this ideal has been 
stiictly followed, in others the cellulose was nob removed, but the 
plant cells were thorouglily broken by heating or grinding to an 
impalpable powder 

In general, for the present experiments, penods of meat feedmg 
were interposed between the experimental penods The animals 
were thus kept in good condition, any disturbmg influence of one 
diet would probably be overcome before the feedmg of the next 
food under investigation, and finallj’’ all experimental foods w^ere 
adequately controlled by the thoroughly digested meat diets The 
fat content^ of the meat was not determined, hence it cannot be 
stated to exactly what exdent the calorific mtakes in the differ- 
ent periods were comparable One or more of the proteins of 
wheat supplied all the mtrogen of the diet The nitrogen intakes 
were practically the same over long penods of tmie, when for any 
reason the nitrogen mtake was changed, a preliminarj'^ period of 
two to three days always preceded the period of actual observa- 
tion on the new' nitrogen level, thus giving an opportunity for 
readjustment 

> For criticism of this viewpoint cf Bryant and Milner American 
Journal of Physiology, \ p S4, 1903 

’ Arbitrarily assumed to be 10 per cent 
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The feces accnung from the \anoiis diets were identified by 
gluing a capsule of lampblack or carmine^ with the first meal of 
each penod Unless drj- when collected, the feces were preserved 
m acidified alcohol until all the feces of the penod had been assem- 
bled, whereupon they were dried on the water bath and finally 
ground and anal} zed - 

Current discussion’ would seem to mdicate that this process of 
drjTng on the water bath occasions a loss of mtrogen The error 
incident to this procedure, hov ever, did not appear to us to v arrant 
senous attention, at least not until certain details of metabolism 
operations, such, e p , as the accurate division of feces belongmg 
to successive periods, reach a higher stage of perfection 
The feces have only occasionally been diarrhoeal and the ani- 
mals have never been observed to dispose of their excrement In 
manj instances agar agar or bone ash or both of these indigestible 
matenals were added to the diet This served to offset the diffi- 
cult} m ohtauung satisfactory separations of successive penods 
due to infrequent defecations On the other hand the objection 
may ver}- properly be made that the addition of these matenals 
unfavorably influences the protem utdization Indeed, the expen- 
mentsof Lothrop,’ and also some of our own studies, amply confirm 
the ^ alidity of these objections Lothrop's work shows, for exam- 
ple, that the addition to a meat diet of 1 gram of bone ash per kilo of 
body weight may almost double the nitrogen loss through the feces 
However, it seems reasonable to suppose that the utihzation of 
all diets would be similarly^ influenced, and thus the results for 
lanous penods would still be comparable The actual specific 
influence of these mdigestible matenals will be discussed m a 
subsequent paper 

' Each capsule contained an average of 0 35 gram caiTnine=0 02 gram 
mtrogen— a negligible quantity 

’ The weights of the feces and the percentage mtrogen composition are 
based upon the air-dned specimens The comparisons of these values 
which will be frequently made throughout this work are, nevertheless, 
considered permissible since variations due to this cause would undoubt- 
edly be smaller than incidental variations from other causes 

• Cf Howe, Rutherford, and Hawk Journal of the American Chemi- 
cal Society, xx^, p less, 1910 For the literature see Emmet and Gnndley 
Ibid , -ccxi, p 569, 1909 

' Lothrop American Journal of Physiology, icav, p 29~, 1909 
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EXPERIMENTAL PART 
Products Employed 

I ^‘Ghdin,”^ a commercial preparation This material is a 
slightly yellowish and tasteless white powder, which, according to 
Bcrgcll,* and Thiemer^ is prepared from wheat flour by a process 
of washing and centrifuging 

II Gluten,^ a commercial preparation manufactured by the Kel- 
logg Food Company, of Battle Creek, Mich It consisted of thin, 
flat, yellow scales, approximately inch in diameter 

III Glutemn ^ The specimen used in these trials was prepared 
as follows Wheat flour was washed thoroughly with water to 
remove the starch The resulting gluten was then extracted four 
times mth 70 per cent alcohol, z e , until the extracts were color- 
less, and practically all gliadin was removed The crude glutemn 
thus obtained was dried, finely ground, extracted once with ether, 
and finally ground to an impalpable powder It was not dissolved 
m alkali and reprecipitated with acid, and hence still contained 
practically all the cellulose of the origmal wheat flour On the 
other hand, the possibility of the protein bemg changed by solu- 
tion in alkali was avoided 

IV Ghadin ^ The 70 per cent alcoholic extract obtained in 
preparing glutemn, as desciibed above, was concentrated to a thick 
syrup, and precipitated by pouring into water containing a little salt 
This gluedike material was dissolved in alcohol, whose final strength 
was 70 per cent, and this time precipitated by pouring into 95 
per cent alcohol The material thus obtained was dried vuth 
alcohol and ether and ground to an impalpable powder 

Dr T B Osborne very kindly supplied us with both glutemn 
and gliadin in sufficient quantities 

1 Obtained from Menley and James, New York City The material 
contained 14 5 per cent nitrogen, and did not give a starch reaction Con- 
siderable of this preparation dissolved in varm 70 per cent alcohol, repre- 
cipitating on pouring into cold water-a characteristic behavior of ghadin 

* Bergell Medizimschc Klinit-, No 41, p 1042, 1905 

’ Thiemer Wiener incdizinischc Presse, No 47, p 2431, 1905 

* This material was very kindly furnished by Dr Kellogg It contained 

14 per cent nitrogen m ^ , nn 

« For description of glutemn and ghadin, see T B Osborne Die 

Pflanzenproteine," Ergebnisse der Physiologic, \, p 47, 1910 

' Cf preceding footnote 
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Meiabohsm Experiments 

“Gudin”— Tables 1 to 3 Detailed mfonnation on the nature 
of the food ingredients may he obtamed from the tables In the 
penods of meat feedmg, the mixture of cane sugar, lard, agar and 
bone ash "was heated on the irater bath, till the lard had melted, 

TABLE 1 


“Glidin’’ leilh Agar and Bone Ash 


x>oa 5 

Weight at beslnnlng 5 4 Kg 
height at end 5 2 Kg 

TEWOO nx 1 

(4 days) 
Meat Feeing | 

PElUOt> IV 

(4 da>8) 
Glldln 
Feeding 

pciuon V 
(5 daj's) 
Glldin 
Feeding 

PERIOD T1 
(4 days) 
Meat Feeding 

Composition of daily 
diet 

f 

Meat 150 
Sugar 20 
Lard 20 
Agar S 

Bone Ash 7 
Water 100 
Estimated 
calones 520 

ffronts 

“Ghdm” 34 
Sugar 20 
Lard 30 
Agar 3 

Bone Ash 7 
Water 200 
Estunated 
calones 470 

^rams 

“Ghdm” 34 
Sugar 20 
Lard 30 

Agar 3 

Bone Ash 7 
Water 200 
Estimated 
calones 470 

Meat 150 
Sugar 20 
Lard 20 
Agar 3 

Bone Ash 7 
Water 100 
Estimated 
calones 520 


*Dally Averages 

Dall> AveragesjDany Averages 

Dally Averages 

Nitrogen output 

1 

1 




brine nitrogen, gm 

t 3 so 

4 63 

4 85 

3 71 

Total mtrogen, gm 

' •! 16 

4 95 

5 20 

4 11 

Nitrogen an food, gm 

4 90 

4 93 

4 93 

4 93 

Nitrogen balance, gm 

1 +0 74 

-0 02 

-0 27 

+0 82 

Feces 

j 




Weight sir dry, gm 

14 5 

15 5 

15 4 

15 5 

Nitrogen, gm 

0 36 

0 32 

0 35 

0 40 

Nitrogen, per cent 

2 4S 

2 03 

2 25 

2 60 

Nitrogen utilization, 

t 




per cent 

1 92 7 

1 

93 6 

93 0 

91 8 


whereupon the meat* and water were added,- the whole bemg 
thoroughlj mnved In the "ghdm” penods, the food mixture was 
warmed on the water bath the day before feedmg, the water thor- 


’ Preserved froicn, accordmg to the method of Gies 
* Just before feeding 
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oughly incorporated, and the whole allowed to stand over night, 
thus giving ample time for “hydration”i of the matenal 
Such food mixtures were fed for periods of 3 to 5 days to three 
small bitches The food was disposed of in one meal at 9 00 to 
9 45 each morning 


TABLE 2 


"Ghdin" with Agar and Bone Ash 


sonjfcT Doa 0 

Weirht nt bcdlnnlnR, 6 0 Kr 
W elrht nt end, 4 9 Ivr 

PEIIIOD n 
(5 daj fl) 
Meat reeding 

PEmOD V 
(6 days) 

Glidin’’ Feeding 

PEKIOD VI 

(4 days) 

Meat Feeding 

Composition of daily diet ' 

grams 

Meat 150 

Sugar 20 

Lard 20 

Agar 3 

Bone Ash 7 
Water 100 
Estimated 
calories 520 

crams 

“Ghdin” 34 
Sugar 20 

Lard 30 

Agar 3 

Bone Ash 7 
Water 200 
Estimated 
calories 470 

gromt 

Meat 150 

Sugar 20 

Lard 20 

Agar 3 

Bone Ash 7 
Water 100 

Estimated 
calories 520 


Daltj Aternges 

Dally A% erages 

Dall> Averages 

Nitrogen output 

Urine nitrogen, gm 

Total nitrogen, gm 
Nitrogen m food, gm 
Nitrogen balance, gm 

Feces 

Weight air dry, gm 
Nitrogen, gm 

Nitrogen, per cent 

Nitrogen, utilization, per 
cent 

3 70 

4 06 

4 93 

H-O 87 

13 6 

0 36 

2 64 

92 7 

4 83 

5 14 

4 93 

-0 21 

13 G 

0 31 

2 31 

93 6 

4 13 

4 48 

4 93 
-hO 45 

14 5 

0 35 

2 42 

92 9 


From an examination of the tables, it 'uoll be observed tliat the 
data without exception point to the fact that ghdin is as 
thoroughly utilized as meat under identical conditions 

' ‘ When first added to the food mixture there appeared to be little tend- 
ency for the water to be absorbed On standing a few hours, however, 
and especially the next morning, a thick thoroughly hydrated mush resulted 
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TABLE J 


“Ghdm” with Agar and Bone Ash 


bubject, ooq 7 

VTcIght 4 9 Kg 

PEBIOO m 

(5 dn>8) 

Meat Feeding 

PERIOD t% 

(5 days) 

Glldln Feeding 

’ 

Composition of daili diet ■ 

ffraru 

Meat 100 

Sugar 20 

Lard 25 

Agar 3 

Bone Ash 7 
Water 100 

Estimated 
calories 4S0 

C^ams 

“Ghdm” 23 
Sugar 20 

Lard 30 

Agar 3 

Bone Ash 7 
Water 175 

Estimated 
calories 430 


Daily \\ enigea 

Dally Averages 

Nilrogcn output 
brine mtrogen, gm 

Total mtrogen, gm 
Nitrogen m food, gm 
Nitrogen balance, gm 

Fcccs 

M eight air drj gm 
Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per 
cent 

2 5S 

2 81 

3 29 
+0 4S 

12 8 

0 23 

1 81 

93 0 

3 21 

3 48 

3 29 
-0 19 

11 0 

0 27 

2 43 

91 9 


PEBIOD T 

(3 day^) 
Meat Feeding 


crams 

Meat 100 
Sugar 20 
Lard 20 
Agar 3 

Bone Ash 7 
Water 100 
Estimated 
Calories 430 


Dall> Averages 


I 


2 63 

2 S9 

3 29 
+0 40 


12 7 
0 26 
2 Oi 

92 1 


Co^ERciAL Glutex— T ables 4 to 9 In Tables 4 to 6 are 
recorded experiments wherein the utilization of gluten, fed with 
agj and bone ash, is compared with meat diets m nhich identical 
additions of these mdigestible materials were made Data on the 
comparatn e utilization of gluten and meat, where no agar or bone 
ash was emploj ed, are reported m Tables 7 to 9 
An examination of these tables will readily convmce one that 
as maT commercial glvien is as thoroughly utilized 

One might take exception to this generahzation, obsemne that 

^.5 «b - c^- 

portion of tS t “^cspondmg meat-feces, mdicates that a 
g uten had been lost through the feces Moreover, 
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careful scrutiny wll disclose the fact that the utilization of the 
gluten IS consistently — if only slightly — lower than that of 
meat This criticism is indeed valid However, had the gluten 
been finely divided, objections of the above nature, which in any 
CQ'te are concerned wiih small differences, would mthout doubt be 
untenable 

TABLE 4 


Gluten with Agar and Bone Ash 


RUHJrCT, BOO 5 

Wclrht at bcRlnnlnK, 5 2 Kg Weight at end 5 2 Kg 

rEItlOD Mil 
(o dajs) 

Sfeat Feeding 

PERIOD It* 

(6 daj s) 

Gluten Feeding 

Composition of daily diet 

fframa 

Meat 150 

Sugar 20 

Lard 20 

Agar 3 

Bone Ash 7 
M'^ater 100 
Estimated 
calories 520 

graffw 

Gluten 36 

Sugar 20 

Lard 30 

Agar 3 

Bone Ash 7 
Water 200 

Estimated 
calories 4S0 


Dally Averages 

Dallj Ateiages 

Nilrogcn output J 

Urine nitrogen, gin 

Total nitrogen, gm 

Nitrogen m food, gm 

Nitrogen balance, gm 

Feces 

Weight air dry, gm 

Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per cent 

4 09 

4 44 

4 80 
+0 36 

15 0 

0 35 

2 32 

92 S 

4 78 

5 22 

4 90 

-0 32 

14 5 

0 44 

3 05 

91 0 


• On last two days of period, about half the food was forced 
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tabu; 5 

Gluten with Agar and Bc^e Ash 



PZBIOD vm 

prwoD tx 


flUBfircT Doa 6 

We!£litatb€glnnlng 4 7 Kg Weight at end 4 5 Kg 

(5 daj*3) 

Meat Feeding 

(5 days) 

Gluten Feeding 


grcTTU 

ffrant 


Meat 150 

Gluten 

36 


Sugar 20 

Sugar 

20 


Lard 20 

Lard 

30 

Composition ot daily diet 

Agar 3 

Bone Ash 7 

Agar 

Bone Ash 

3 

7 


Water 100 

Water 

200 


Estimated 

Estimated 



calones 520 

calories 

480 

N'xtrogen output 

IDally Averages 

Averages 

Unne nitrogen, gm 

4 23 

4 81 


Total nitrogen, gm 

4 62 

5 24 


Nitrogen in food, gm 

4 SO 

4 90 


Nitrogen balance, gm 

+0 18 

-0 34 


Feces 




Weight air dry, gm 

15 0 

14 4 


Nitrogen, gm 

0 39 

0 43 


Nitrogen, per cent 

2 59 

3 00 


Nitrogen utilization, per cent 

91 9 

91 2 



TABLE 6 

Gluten unlh Agar and Bone Ash 


BTTBJECT DOO 7 

Weight at beginning 4 6 Kg Weight at end 4 6 Kg 

PERIOD VII 

1 ^ (.Sd&yi) 

Meat Feeding 

PERIOD vm 
(5 days) 
Gluten Feeding 


jrroms 

grams 


Meat 100 

Gluten 

24 


Sugar 20 

Sugar 

20 


Lard 20 

Lard 

30 

Composition of dailj diet . 

Agar 3 

Agar 

3 


Bone Ash 7 

Bone Ash 

7 


Water 100 

Water 

175 


Estimated 

Estimated 



calories 430 ' 

calones 

430 

Nitrogen output 

Dally Averages 

{ Dallj Averages 

Urine mtrogen, gm 

2 55 

3 24 


Total mtrogen, gm 

2 79 

3 A? 


Nitrogen m food, gm 

3 20 

3 97 


Nitrogen balance, gm 

+0 41 

-0 25 


Feces 




\1 eight air drj , gm 

12 8 

•[2 2 


Nitrogen, gm 

0 24 



Nitrogen, per cent 

1 86 



Nitrogen utilization per cent 

92 6 

Z dl 

91 4 
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TABLE 7 

Gl uten without Agar or Bone Ash 


HOiijrcT noo S 

Bclrht ftt bcrlnnlnr, 0 0 Lr WolRhtntend S 8 Ke 

PERIOD XX 
(4 dajs) 

Atent PeediDS 

PERIOD xxn* 
(5da}s) 
Gluten Feeding 


grams 

frorj 

1 M^eat 150 

Gluten 34 


Sugar 25 


Composition of daily diet . 

Lard 20 


IVater 100 

Heater 225 


Estimated 

Estimated 


calories 530 

calories 440 

Nitrogen output 

Dillj V\ erases 

Dallj Averages 

Unne nitrogen, gm 

4 OS 

4 83 

•Totsl nitrogen, gm 

! 4 30 

5 05 

Nitrogen in food, gm 

4 59 

4 77 

Nitrogen balmce, gm 

Feces 

-fO 29 

-0 2S 

Weight air drj, gm 

4 6 

2 S 

Nitrogen, gm 

0 22 

0 22 

Nitrogen, per cent 

4 95 

7 68 

Nitrogen utilization, per cent 

95 2 

95 5 


* About bnlf of the food forced cieb daj 


TABLE S 


Gluten, without Agar or Bone Ash 


SUBJECT DOG 0 

WclEht at bcslnnlng, 6 1 Kg Weight at end 6 2 Kg 

PERIOD XXI 

(4 daj s) 
Meat FeediDE 

PERIOD XXlII 

(5 dnjs) 

Gluten Feeding 

Composition of daily diet ' 

grams 

Meat, 150 

Sugar 25 

Lard 20 

Water 100 

Estimated 
calories 530 

grams 

Gluten 34 

Sugar 25 

Lard 25 

IVater 225 

Estimated 
calories 440 

Nitrogen output 

Urine nitrogen, gm 

Total nitrogen, gm 

Nitrogen in food, gm 

Nitrogen balance, gm 

Feces 

Weight air drj , gm 

Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per cent 

A\crages 

Dallj Averages 

3 55 

3 77 

4 59 I 

+0 S2 

3 5 

0 22 

6 34 

95 2 

4 92 

5 17 

4 77 

-0 40 

3 6 

0 25 

6 93 

94 S 
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TABLE 9 


Glulcn wilhoul Agar or Bone Ash 



PCJUOD XX 

PXRJOD XXII 

V»e\gM atbesinnlDB 5 9K6 Weight at cod 6 3 Kg 

(4 <bj*3) 

Meat Feeding 

(5 dajs) 
Gluten Feeding 


fframs 

ffTOmM 


/ Meat J30 

Giuten 34 


1 Sugar 25 

Sugar 25 

Composition of dailj diet i 

Lard 20 

I IVater 100 

Lard 25 

Water 225 


Estimated 

Estimated 


^ cal ones 530 

calones 440 


1 

1 Dally Averagea 

Dally Averages 

Ntlrogen oulpul 



Urine nitrogen, gm 

' 3 55 

4 68 

Total nitrogen, gm 

3 74 

4 81 

Xitrogen in food, gm 

4 59 

4 77 

Nitrogen balance, gm 

+0 85 

-0 04 

Feces 

1 


11 eight air drj , gm 

3 2 

1 8 

Nitrogen, gm 

' 0 19 

0 13 

Nitrogen per cent 

: 5 93 

7 40 

Nitrogen utilization, par cent 

95 S 

> 

97 2 


Gletexin Tables 10, 11 Man, Table 10 The subject of this 
experiment, hi S F , was 23 years of age, about 57 5 kilos in weight 
Throughout the experiment be was engaged in the routine con- 
nected uath such work The general plan of the experiment was 
as follows A prehmmarj penod of three dajs was obtained, dur- 
ing uhich the body was enabled to attam nitrogen eqmhbnum and 
to adjust itself to the expenmental conditions As will be noted 
from the accompanjung table, dunng the prehmmaty, fore, and 
after penods, a vaned mixed diet was consumed, and dunng the 
experimental penod, the meat, nut butter and part of the egE: were 
replaced by glutenm 
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C/iaracter of the Diet 



PRELIMINAnr, FORE 
AND AFTER PERZOD8 

etperiuevtal period 

Dally AveraEOs 

Dally Averacea 

Cereal 

Gm 


20 

20 

Cracker 

60 

60 


no 

50 

Pine nut butter 

50 1 


Meat 

110 


Glulcnm 


1 62 

Potato 

no 

no 

Banana 

140 

140 

AppJe 

270 

250 

Orange 

160 

180 

Millv 

40 

40 

Sugar 

no 

180 

Butter 

40 

80 

Cereal cofFcc, tea 

600 

600 


TABLE 10 
Glutemn 


eOUrECT, ItAN 

UolRlit at beginnins 57 8 Kg 
\Velght at end, 57 fl Kg 

rEmoD r 
(0 dajs) 
Silted Diet 

PEIIIOD n 
(4 days) 

GIu tenia 

PERIOD tn 
(4 days) 
Allred Diet 

Composition of daily diet i 

Meat, eggs, 
nut butter, 
cereil, potato, 
fruit, etc 

Estimated 
calories 2400 | 

Glutemn 
cereal, potatO; 
, fruit, etc 

67 2 per cent 
of the total 
nitrogen fur- 
nished by 
glutemn 
Estimated 
calories 2500 I 

Meat, eggs, 

, nut butter, 
cereal, potato, 
fruit, etc 

Estimated 
calories 2600 

Nitrogen output 

Urine nitrogen, gm 

Total nitrogen, gm 

Nitrogen in food, gm 
Nitrogen balance, gm 

Feces 

Weight air dry, gm 
Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per 
cent 

Dally Averages 

Dally Averages 

Dally Averages 

9 85 

11 10 

11 30 
+0 25 

23 0 

1 25 

5 45 

89 0 

10 SO 

12 11 

11 12 
-0 99 

22 1 

1 31 

5 92 

88 2 

9 98 
n 36 

11 15 
-0 21 

24 7 

1 38 

5 63 

87 6 
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These diets furnished about 112 grams mtrogen and 2,500 
calories per day, during the experimental period 61 per cent of 
the nitrogen was suppbed by the glutenm 
During the evenmg of the third day' of the experimental period, 
shght mdigestion was mamfest, which contmued to the folloinng 
morning, when 100 cc of 0 2 per cent HCl were taken ^ The glu- 
tenin had a pecuhar ether-alcohol odor which could not be removed 
by drymg at 130° C for eight consecutive hours This odor was 
very disagreeable and nauseatmg and could not be covered by 
mnong with other foods It was found that mixmg the glutenm 
with egg and potato, and frym&this mixture, was practically^ the 
only' way m which the glutenm could be consumed m any quantity 
Under such circumstances it is probable that the psy'chic secretion 
was a neghgible quantity and this may account for the symptoms 
of mdigestion noted 

Ulth the exception of the feelmg of nausea attendmg the meals 
of the four days of glutenm feedmg, the subject felt perfectly' weU 
Throughout the experiment defecation was accomplished regu- 
larly every' mommg, the volume of feces bemg apparently' alike 
from day to day The feces were of semi-solid consistency, never 
well formed There was, however, nothmg approachmg diarrhoea, 
throughout the experiment, except on the last day of glutenm 
feedmg 

In spite of the nausea with its possible secretory' consequences, 
the gluimm appeared to he as well digested as the materials which it 
replaced in the control diets It should be observed, however, that 
about 25 per cent of the mtrogen of the control diets was furnished 
by nut butter, and, according to Jaffa, = the mtrogen of nuts is m 
general only about 75 per cent utilized Hence, m order to show 
the readily digestible nature of glutenm, the coefficient of diges- 
tibihty m the experimental penod should have been somewhat 
greater than those for the control penods Nevertheless, it is 
sigmficant to note that m two experiments on the same subject, 
where mixed diets were employed, which contamed no nut prep- 
antions but were otherwise similar, the utilization was 88 and 
86 per cent, respectuely 

‘ This affects one daj out of four, and since the HCl gave no noticeable 
re icf, mfluence of the acid e\en m this daj was probabh verj small 
Jaffa Office of Experiment Stations, Bull 132, p 69,’ 1903 
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TABLE 11 


Glulcmn with Agar and Nutrient “Salts ” 


sunJi CT, Doo 4 

Weirht at bcRlnnlnR, 6 1 Kg 
W olGht at end, 5 0 Kr 

prnioD I 
(5 da> a) 

Meat Feeding 

PEniOD II* 

(6 davs) 

Glutcnln Feeding 

PERIOD in 
(3 daj s) 

Meat Feeding 

Composition of daily diet • 

grams 

Meat 150 

Sugar 15 

Starch 5 

Lard 20 

Agar 8 

Silts • 2 

Water 200 

Estimated 
calories 520 

grams 

Glutenin 43 

Sugar 25 

Starch 5 

Lard 30 

Agar 8 

Salts 4 

Water 300 

Estimated 
calories 520 

grami 

Meat 150 

Sugar 25 

Starch 5 

Lard 20 

Agar 8 

Salts 4 

Water 200 

Estimated 
calories 560 


Dally Aaerages 

Dally Averages 

Dally Averages 

Nitrogen output 

TJriiie nitrogen, gm 

Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 

Feees 

Weight air dry, gm 
Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per 
cent 

4 71 

5 04 

5 18 

+0 14 

13 6 

0 33 

2 40 

93 7 

4 71 

5 01 

5 18 

+0 17 

15 0 

0 30 

1 99 

94 3 

4 18 

4 48 

5 18 
+0 70 

12 7 

0 31 

2 42 

94 1 



* About half of the food forced each daj 


For mixed diets on man 93 per cent is given as the average coef- 
ficient of digestibility by Atwater and Bryant,, bemg considerabl, 
higher than the eoefiioients obtained m our ex-periments The 
difference may be accounted for by the presence m the diets of 
“tively large amounts of fruits and vegetables, which contain 

“Sf Mjf^^Tlie’ptoo^^^ experiment did not differ essen- 
JfyZtZe already described The character of the indi- 


1 See footnote, 1 p 301 

2 Cf Bryant and Milner 


American Journal of Physiology, x, p 9G, 1903 
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gestible materials was somewhat different, larger amounts of agar 
being used, without bone ash, the latter bemg replaced bj a salt 
mixture ‘ Despite the necessity of forced feedmg, the glutenin 
was quite as thoroughly utilized as meat fed under similar experi- 
mental conditions 

Gludd.— T ables 12, 13 Man, Table 12 The plan of the 
experiment was essentiallj' that outhned under glutemn, except 
that shghtly more meat was eaten m the control penods, and in 
the ghe dm penod the egg, meat and nut butter were completely 
replaced by ghadm, w hich supphed 85 per cent of the total mtro- 
gen The gliadin w hen mixed with water forms a rentable glue, 
which cannot possiblj' be eaten This glue-hke consistency was 
avoided b> mixing with cornstarch, salt, sugar, and baking powder, 
which mixture was finally baked Even in this condition, the 
matenal soon evoked nausea which, on the last day of the penod, 
made a discontmuance necessarj’ Aside from the nausea attend- 
ing the meals of the ghadm penod, the subject felt m excellent con- 
dition throughout the experiment, diarrhoea and sjTnptoms of 
mdigestion bemg entirelj absent 
From Table 12, it is erident that ghadm is as thoroughly utilized 
as the materials of the control penods, which it replaced 
The salts of the bakmg powder seemed to have no appreciable 
influence The apparentlj low digestibihty of the maxed diets 
has ahead} been discussed under glutemn 
Dog, Table IS The plan of this experiment was exactly the 
same as that descnbed on page 320 under the glutemn expenment 
on a dog The food mixture was hke so much glue, but the ammal 


* With one or two modifications this is the salt mixture proposed bj 
Rohmann {Allgemeine mcdizimsche Cenlral-Zeitung, Xo 9,1903) It con 
sisted of the following ingredients 


Calcium phosphate 

O’Hara 

10 

Xctd potassium phosphate 

37 

Sodium chloride 

on 

Sodium citrate 

1 ^ 

Magnesium citrate 

10 

c 

Calcium lactate 

o 

o 

Feme citrate 

b 

o 
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TABLE 12 
Gltadin 


BonjrCT MAN 

Weirht nt bcKlmiltiK 67 0 Kr 
M olRht nt end 57 C Kp 

rrnioD i 
(5 dnj ■>) 
Mixed Diet 

FEnroD u 
(4 daja) 
Glladln 

PEIIIOD m 

(4 days) 

Mlied Diet 

Composition of daily diet i 

Meat, eggs, 
nut butter, 
potatoes, 
fruit, etc 

Estimated 
calories 2600 

Ghadin, 
potatoes, 
fruit, etc 

84 8 per cent of 
the total ni- 
trogen sup- 
plied by glia- 
din 

Estimated 
calories 2800 

Meat, eggs, 
nut butter, 
potatoes, 
fruit, etc 

Estimated 
calories 2900 


Dally AternECS 

Dally A-v erases 

Dally Averages 

Nitrogen output 

Urine nitrogen, gm 

Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 

Feces 

Weight air dry, gm 
Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per 
cent 

10 72 

12 13 

12 72 
+0 60 

23 6 

1 41 

5 96 

89 0 

11 56 

12 S3 

12 02 

-0 80 

22 5 

1 27 

5 53 

89 4 

10 10 

11 38 

12 68 
-i-1 30 

26 8 

1 53 

5 74 

87 9 


ate It AATth apparent relish From Table 13 the ghitenm appears 

to have been quite thoroughly utilized , , , , . 

Abderhalden obtained plus balances with gliadin, but notes 
that his preparations contained 0 35 per cent lysin^an ammo- 
acid not found m pure ghadin He infers further that it is not 
too™ whether rehUy pure ghadm can mamton n.tmgen eq^ 
rmtn We are unable to state whether or not the ghadm employed 
m our experiments was free from lysme, but the negaltve mirogm 
balances em mtk laige intales, are significant Henriques ob- 
tained plus balances with ghadin m rats, but Abderhalden ques- 
tions the purity of his preparations 

, j lid- rid fU’ppilina Experiments with Isolated Food-Sub- 
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TABLE 13 


Gltadin mth Agar and Nutrient "Salts " 


BITBJECT DOO 4 

Weight at beginning 4 9 Kg 
Weight at end 4 9 Kg 

PERIOD m 

(3 days) 

Meat Feeding 

PERIOD rv 
(» da vs) 

Glladln Feeding 

PERIOD V 

(4 da>*s) 

Meat Feeding 



QTam 

gram 


Meat 150 

Ghadin 32 

Meat 150 


Sugar 25 

Sugar 25 

Sugar 25 


Starch 5 

Starch 5 

Starch 5 


Lard 20 

Lard 30 

Lard 20 

Composition of dailj diet ■ 

Agar 8 

Agar 8 

Bone Ash 10 

Salts 4 

Water 200 

Salts 4 

Water 250 

Water 200 


Estimated 

Estimated 

Estimated 


calones 560 j 

j calones 520 

calories 560 


Dalli Averages 

Dallj Averases j 

Dallj Ave-ages 

Nitrogen output 



4 24 

TInne nitrogen, gm 

4 IS 

5 09 

Total mtrogen, gm 

4 48 

5 37 

4 50 

Nitrogen m food, gm 

5 IS 

5 10 

5 40 

Nitrogen balance, gm 

-t-0 70 

-0 27 

-}-0 90 

Feces 




Weight air drj, gm 

12 7 

13 4 

15 0 

Nitrogen, gm 

0 31 

0 28 

0 27 

Nitrogen, per cent 
Nitrogen utilization, per 

1 2 42 

2 07 

1 79 

1 

cent 

1 94 1 

94 5 

95 0 


It IS difficult at present to account for the persistent negative 
balances with the other protem preparations INIichaud did indeed 
obtain minus balances with “ghdin,” but his nitrogen intakes were 
1 ery small, while those m our experiments were relatively large 


1911) state that m rat expeninents at least 10 per cent of the excreted nitro- 
gen maj be lost in connection with the difficult manipulation attending 
mctaholism experiments with small animals This condition may in part 
account for the positive balances obtained bv Hennques 
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Nilrogcn Balances 

TAItlX 14 


Average Daily Nitrogen Balances for the Wheal Proteins and Correspond 

mg Values for Meat 


HVIULCT 

1 TAni r 

.. 

«LIDIS 

•oiuTrs ’ 

CLurrsiN 

OLUDUi 

MEAT 

Dog 5 

1 

-0 02,-0 27 




-fO 74, -fO 82 

Dog G 

2 

-0 21 




-fO 87, -1-0 45 

Dog 7 

3 

-0 W 




+0 4S,-f-0 40 

Dog 5 

4 


-0 32 



+0 36 

Dog 0 

5 


-0 34 



-fO IS 

Dog 7 j 

G 


-0 25 



+Q 41 

Dog 5 

7 j 


-0 28 



-fO 29 

Dog G 

s 


-0 40 



-fO 82 

Dog 7 

9 


-0 Oi 



-i-0 S5 

Sian 

10 



-0 99 


-fO 25,-0 21 

Dog 4 

11 



-1-0 17 


-fO 14, +0 70 

Man 

12 




-0 so 

-fO G0,+1 30 

Dog 4 

13 




-0 27 

-fO 70, +0 90 


STOiaURY 

The problems associated with the utilization of food products 
of plant origin liave been reviewed as an introduction to a senes 
of evpenmental studies on the nutritive value of vegetable pro- 
teins It is pointed out that two distinct questions must be con- 
sidered, namely (1) the availability of the products existing more 
or less m their native condition, noth accompanying structural 
elements, as in bread, (2) the specific utilization of the proteins 
themselves The lattei aspect is the one which primaiily calls 
foi further investigation 

In our feeding experiments an attempt has been made to con- 
tiol the extraneous factors as far as possible, by improving the 
texture and mechanical condition of the crude products, or puri- 
fying the individual proteins The present paper deals inth wheat 
The experimental trials on man and dogs indicate that “ glidin’' 
gluten, and the two chaiacfenshc proteins of wheat, ghadin and ghi- 
ienin, are as thoroughly utilized as the nitrogenous components of 
fresh meat 
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ON TBE MAXIMUM PRODUCTION OF HIPPimiC ACID 
IN AIUMALS WITH CONSIDERATION OF THE ORIGIN 
OF GLYCOCOLL IN THE ANIMAL BODY 

Bt A I RINGER 

(pTOtn (he Physiological LaboraioTy of the Cornell XJnicersiiy Medical 
College, Kew Yort City ) 

(Received for publication, September 9, 1911 ) 


lOTRODUCnON 


Parker and Lusk* fed lithium benzoate to rabbits, mth the object 
of ascertammg how much glycocoU the ani m als mayehminate 
in the formation of hippunc acid They also studied the relation- 
ship between the total mtrogen in the unne and the glycocoU 

(h a x) 


nitrogen eliminated as hippunc acid 


The} foimd that 


for every 100 grams of total mtrogen excreted m the unne, an 
aierage of 4 grams of mtrogen was eliminated m the gl}cocoU 
radical of the hippunc acid After admmistenng the first large 
dose of hthium benzoate to the ammals, they mvanably obtamed 

a much higher ^ ratio, 9 01 per cent m experiment III, 7 14 

Is 

per cent m experiment IV and 7 87 per cent in experiment W 
The} regarded this as a "sneepmg out of the surplus gl} cocoll” 
(m the sense of Wiener*) 

Since then Wiechon-ski’ and Magnus-Lex’}'* simultaneously, 
but independent!}, ha\e studied the same problem Wiechow- 

ski obtamed — ~ ratios of 45 4, 55, 50, and m one case even as 


‘Amcr Joum of Physiol , lu, p 472, 1900 
'Arch f exp Path u Pharm , \1, p 313, 1S9S 
>Bciir I them Path u Physiol , vii, p 204, 1906 
Biochcm Zeitschr , n, p 523, 1907 
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miicli as 64 3 pei cent Magnus-Levy found m his rabbits a roax- 
nnal ratio of 25 and 28 per cent, m Ins sheep 27 8 per cent 
The various forms of animal protein, mth the exception of casern 
winch on analj’^sis jnelds no gli'^cocoll, and gelatin which yelds 
16 per cent, contain on an average 4 per cent of glycocoll Since 
tlie nitrogen content of protein is 16 per cent and that of glycocoll 
IS / per cent, 100 grams of protein nitrogen therefore contain 

100X187X4 

16 ^ ^ grams of preformed glycocoll nitrogen Mag- 

nus-Lovj found that after feedmg large doses of benzoic acid to 
labbits and sheep, the 3 '’ xvere able to yield six tunes that amount 
of glimocoll Wiechowsla’s rabbits yielded almost fourteen times 
that amount These findings stand m direct contradiction to 
the conclusions arrived at b 3 '' Parker and Lusk To mvestigate 
the oause of these discrepancies, Professor Lusk kindly suggested 
that I continue the stud}^ of this problem It may be added here, 
that Parker and Lusk were influenced by the rather inaccurate 
statement of Wiener, that 1 7 grams of benzoic acid per kilogram 
of bod 3 " v eight administered to rabbits was fatal] 3 ^ toxic 

METHODS OF jBXPEBmENTATION 

The animals ivere kept in metabolism cages The urine nas 
collected by catheter and separated into twenty-four-hour periods 
Sodium benzoate dissolved in wmter was given per os by means of 
a stomach tube The daily dose was 3lwa3''s divided into three 
to five doses, given five to three hours apart The animals were 
catheteiized before the stomach tube was mtroduced, so as to 
prevent any accidental loss of urine 

The total nitrogen was determined in duplicate bj' the ordinary Kjel- 
dahl method The hippuric acid, also in duplicate, was determined by 
the method proposed by Dakin ^ One-quarter of the total quantity of 
urine was evaporated on the ivater bath to about 75 cc After transfer- 
ring to a small Erlenmeyer flask, 15 cc of a 50 per cent solution of phos- 
phoric acid was added The mixture was then cooled in running tap water 
The greater amount of hippunc acid then crystallized out The solution 
was filtered and the crystals washed uith a small quantity of ice water 
(Filtrate A) The crystals were then dissolved in a rather large quantity 
of warm water, transferred to a separatory funnel, and shaken with about 


^This Journal, vii, p 103, 1910 
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50 to 100 cc of a mi'^ture of 2 parts of benzol and 1 part of alcohol-free ether 
This TeiDO\ed aii> free benzoic acid -which might have come down with 
the hippuric acid After drawing off the water solution of the hippuric 
acid, it was slowlj evaporated and crjstalhzcd The crystals were 
separated bj filtration and washed with a small quantitj of cold water 
(Filtrate B) The crystals were dried and weighed in the usual manner 
(Gooch crucibles were found to be very coniement receptacles for the 
crj-stals ) 

To Filtrate A about 75 per cent of its weight of ammonium sulphate' 
was added It was then placed in a continuous extraction apparatus 
and extracted with ethjl acetate for a period of eight to ten hours 

The ethj 1 acetate was then drawn off into a separatorj funnel and shaken 
with a small quantity of a saturated sodium chloride solution This 
removed anj urea which might have been extracted b> the eth>l acetate 
The salt solution was then drawn off, and the ethjl acetate washed with 
a few cubic centimeters of distilled water to remove the crj stals of sodium 
chloride which remamed attached to the funnel The salt solution, 
which had been drawn off, was then shaken with some ethjl aeetate, 
which was finallj added to the original 

The combined ethjl acetate solutions were then distilled in lacao and 
the residue dissolved in hot water This was boiled with a small quantitj 
of blood charcoal to decolonze it, filtered, and the charcoal washed with 
a small quantitj of boiling hot water After the filtrate had cooled, it 
was placed in a separatorj funnel and shaken four to five tunes with about 
100 cc of the benzol and ether mixture The aqueous solution of hippunc 
acid was then drawn off, and Filtrate B added to it The combined solu- 
tion was allowed to evaporate slowlj and the hippuric acid which crjs- 
tallized was purified, dried and weighed in the usual manner 

The sum of all the crystals obtained, multiplied by four, gave the 
lalue of hippuric acid excreted during the course of the period 


CONTROL OF THE METHOD 

To 100 cc of normal human unne 1 gram of hippunc acid (Kahlbaum) 
was added Recovered from the first crjstallization, 0 8034, from the 
second, 01173, from the third, 0 05S0 gram Total=0 9787 gram, or 
07 87 per cent 

The melting point of the crystals was determined in every case It 
was found to be between 182° and 187° C (uncorrected) The nitrogen 
content of the crystals was found to be between 7 94 and 7 99 per cent 


' The ammonium sulphate serves a double purpose First, it increases 
the rate of extraction of the hippunc acid Second, it prev ents the solu- 
tion of the ethvl acetate bv the water, which would obliterate the hne of 
demarcation between the watery solution and the ethjl acetate 
* 1 , c hippunc acid crystallized out from the mother liquid with 

c rs crystallization Two, and sometimes three cn stallizations were 
required to bring them all down 
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per-cent Inppuric icid determinations agreed within 0 3 


EXPERiatENT r 

A goat weighing 42 3 Kg was empIo 3 ^ed She was brought to 
the laboratoij’’ about a ■neck prior to the commencement of the 
exiieiimcnt and nas placed in a metabolism cage During the 
forcpciiod, 11111011 lasted for three daj'^s, the goat was fed on hav, 
cornineal and oats Onl}’’ the total nitrogen eliminated in the unne 
Mas studied 

Dining the benzoate period the diet could not be regulated verj 
M ell She ivas fed on haj'', bread, carrots, cabbage and milk, the 
daih’’ quantitj'’ of iihicb is lecorded m Table I During the peri- 
ods VI, VII and VIII, she did not take anjr food 

During the fiist daj'- of the benzoate period, the ammal received 
10 grams of sodium benzoate, the second, 20 grams, the third, 
20 giains, the fourth, 25 grams, the fifth, 10 grams, the sixth, 30 
grams, tiie seventh, 30 grams On the eighth day she also received 
30 grams, but all in one dose At the end of that day the animal 
M as still in verj’- good condition and shon ed no signs of intoxica- 
tion 

After sixteen dai'^s intermission an attempt was made to dis- 
cover a dose Mdnch ivould produce toxic symptoms in the ammal 
To this end the animal M'as given 50 grams of sodium benzoate in 
three equal portions during the course of the day (period IX) 
On the foIIOMung morning, distinct signs of mtoxication ivere pres- 
ent The ammal was exceedingly restless She ran about the 
cage, stnlung her horns violentlj’" against the walls She partook 
of neither food nor drink When allon ed to nmlk out of the cage, 
she did not walk in a straight line, but in a zigzag manner When 
she struck the ivall of the room, she did not turn backvmrds, but 
kept on pushing in the same direction In nmlLing she did not 
avoid any object placed m her way She gave the impression of 
having lost the power of seemg It is to be regretted that the 
reflex of the e3^e towards light was not tested These sjunpioms 
persisted until the following morning, nhen the ammal nxas seized 
by an attack of tome and clonic convulsions in Mdiich she died^ 
Autopsy revealed no macroscopical changes m tlie organs She 
was very much emaciated On section the Icidneys shoived slight 
parenchymatous tubular degeneration 
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Dif,mssi07\ of Results of Expo iment I The results obtained from 
tlic first c\poi imcnt are summarized m Table I It shows that 
tlie animal n as able to eliminate m its unne a good deal more gly- 
cocoll than is found preformed m the proteins of its tissues The 
hippiinc acid foimation, ic, the glycocoll elimination, does not 
depend upon the amount of the protein catabohzed, but within 
certain limits, runs parallel to the amount of benzoic acid fed In 
period VI it reached its maximum, when 38 4 per cent of the total 
mtrogen was eliminated as glycocoll nitrogen in the hippuric acid 

Where do the enormous quantities of glycocoll ongmate? There 
are a number of jiossibilities which have to be taken into consider- 
ation 

It might be argued, since lierbivorous animals have the power 
of eliminating more glycocoll than do carnivorous animals, when 
given a similar quantity of benzoate, that the source of the gly- 
cocoll found m the system lies in the different vegetable foods 
which are known to contain rather large quantities of free amino 
bodies The results of experiment II, however, show that this 
assumption is not well founded 


EXPERIMENT II 

A fifteen day old calf, which had not yet received any other form 
of food but its mother’s milk, the protem of which contains 
practically no glycocoll, was placed m a metabolism cage, and its 
urine was collected for about twelve hours On the foUownng morn- 
ing, the calf received 8 grams of sodium benzoate per os Its 
urine was then collected for six hours ‘ 

TABLE n 


DATE, 1910 


March 19 
March 20 


° g 5 Q^CA 

I I I li I ill 

I 2 g ft g 

g g M W O « 

proms grams gram per cent grams grams per cent 

12 2 43 

6 2 17 6 827 0 539 24 8 G 78 4 GG 68 6 


1 The catheter was not used Hence the results are only approMmatc 
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We see from Table II that the suckling calf jnelded hippunc 
acid as readil}' as ivould an adult goat The glycocoll m the hip- 
punc acid could not have come from anj- other source than from 
a specialized protem metabolism 
Enoop' fed a-ketomc acids to ammals and obtamed the corre- 
sponding ammo-acids, showing that amination of non-mtrogenous 
substances can take place in the animal organism 


R 

1 


R 

1 

1 

CO 

i 

> 

CHNH, 

j 

t 

COOH 


COOH 


a-Ketomc acids, together with the correspondmg ovy-acids, can 
be found m the organism as a result of the ovidation of the 
a-ammo bodies, or from the breaking down of carbohydrates ~ 
These facts raised the probabihty that glj'cocoU may be sjmthe- 
sized m the animal organism from non-mtrogenous substances 
chemically related to it 

GH OH GH NH, COH 

! > 1 < ! 

COOH COOH COOH 

Gljcolhc Acid Glycocoll Glyowbc Acid 

The experiments’ recorded below were performed with the 
object of testmg the truth of this tbeorj’ 

In Table III the results of experiment III are summanzed On 
the first daj the animal received, per os, 4 5 grains of sodium ben- 
zoate dissoh ed m warm water The dose was divided mto four 
equal portions, given about three hours apart On the second 
day the animal received 7 o grams of sodium benzoate and 3 

^Zcitschr f physiol Chcm , Ixvu. p 491, 1910, Deutsch mcd ITocAen- 
schr , XXXVI, p 1432, 1910 
*116hman Biochcmic, p 540 

• Experiments III, W and \ were performed in the laboratones of the 
Second Jledical Clinic of the Unncrsiti of Munich I wish to express 
mi thanks to Prof Pnednch von Muller for his kindness in grantin”' me 
the freedom of his laboratorj ° 
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grams of glicolhc acid equallj distributed mto fi^e do'^es i (The 
gljcolhc acid had been neutrabzed by means of sodium bicarbon- 
ate ) The result was an increase of 1 2 grams of hippunc acid 
over the amount m the prenous period As is seen from Table 
V, this increase in the hippunc acid elimination cannot be attnb- 
uted to the introduction of the gljcolbc acid, but to the larger 
dose of benzoic acid The administration of larger doses of benzoic 
acid, if also accompamed b\ a simultaneous administration of 
gljcolhc acid, was followed bj fatal results (Rabbits I and II) 
It was obseiaed m experiments I, II and HI that not all the 
benzoic acid admmistered was ebmmated as hippunc acid This 
phenomenon was explamed bj' previous authors as bemg due to 
a lack of glj cocoU m the sj stem If this n ere true, and if glj col- 

hc acid actually did go over mto gij'cocoll, then we would expect, 
on feedmg gljcolhc acid + the benzoate, that the relationship 

Benzoic acid fed 

Benzoic acid evereted as hippunc acid 


would approach 100 per cent But the results m expenment W 
(see Table IV) show that this is not the case The — ratio 

B 


remains as low as m the other experiments 
In summing up the results of the last three experiments, we do 
not find anj" reasonable ground for the assumption that the glj - 
cocoll IS sjmthesized from the non-mtrogenous glj coUic acid 
On careful consideration, howei er, of the mtrogen metabohsm 
in the animals dunng the benzoate penod, a possible explanation 
of the ongin of glycocoll suggests itself The goat, during the 
three daj s of the forepenod, excreted an a\ erage of 5 6 grams of 
nitrogen per daj Excepting the first day, which maj’ be due to 
1 sudden change m the quantitj of food, there is a marked nse m 
the protein metabohsm throughout the course of the benzoate 
penod This was observed m all the experiments and m all the 
1 aneties of animals that were expenmented upon Furthermore, 
tile increase in the protein, destruction, i e , the mcrease m the 
mtrogen elimination aboxe the normal, or aboxe that of a pre- 


‘ Rabbits I Md II -n-ere treated m a similar manner Both died dunne 
he coume of the second dax , owing to the large dose of benzoate Rab- 
it III died on the dai following the expenment Rabbit IV hvedfor 
two dajs after the expenment Rabbit V surxnxed 
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vious da} of a sniiillcr benzoate dose, is always two or three tunes 
grcatci tlian the amount of nitiogon that has been eliminated 
as glycocoll in the hijipnric acid molecule 
Salkowskd on giving sodium benzoate, obtained an merease in 
tlic nitiogen elimination, accompamed by a corresponding increase 
m the sulphur metabolism In expenments VI, VII and ^^II 
(see corresponding tables) ne obtained a considerable increase 
in the total nitrogen on the benzoate days, but the amount of urea 
remained practically the same as on the previous and follomng 
days Similar results are said to have been obtained by Shepard 
and I\Icisncr - 

All these facts suggest the possibility that the glycocoll excreted 
as hijipuric acid did not come from the fraction of protein that 
wmuld have been metabolized had no benzoate been given, but 
from the “extra protein” which was destroyed, due to the 
presence of the benzoic acid We cannot state with any degree 
of certainty, vhat the character of the mtermediary process is, 
but that it IS specific and peculiar seems very probable, for none 
of the extra mtrogen went over into urea It was all eliminated 
either as glycocoll or as undetermined mtrogen 

THE SYNTHESIS OF HIPPURIC ACW 

In the dog, the kidney is the only organ m which hippuric acid 
IS s}mthesized ^ In the rabbit it can take place even after 
nephrectom}^ and is probably brought about by the action of 
a ferment 

Not all of the benzoic acid fed is s}aithesized into hippuric acid, 
only an average of 78 1 per cent in the goat (excluding periods 
VIII and IX for reasons mentioned below) and 73 per cent m the 
rabbits It is also to be noted that the relationship between the 
benzoate fed and the benzoate excreted m the hippuric acid mole- 
cule remains fanly constant, except when too large amounts of 
benzoate are tbrovm into the system at once, then it sinks, prob- 
ably because the cells of the body are able to sjmthesize a certain 

1 Vzrc/iow's Archil}, Ixxviii, p 530, 1S79 

’-UntersuchungenUher das Enistehen dcr Hippursaure, HanoT,er, ISCfi 

(cited bj- Wiener, ;oc cii ) , ^ ^ ry n m on 

» Bunge and Schmiedeberg Arch f exp Path u Pharm , vi, p 231, 

1877 

< Salomon Zeitschr f physiol Chern , in, p 365, lS/9 
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Pioduction of Hippuric Acid 


nmount of bcn7oatc \ilicn administered at a slow rate If it is 
absoibcd at a quiclcer rate than that at ivhich the cells have the 
ponoi of combining it nith glycocoll, then the benzoate circulates 
m the blood as such A good portion of it escapes through the 
kidney, while anothei portion is combined mth glucuronic acid 
(compare pciiocl VIII of Table I mth penod fTI) 

TJic benzoate ,a\ hen piesent in the circulation in large quantities, 
probably also lowers the “hippuric acid sjmthesizmg function” 
of the cells Tins will c\]ilam wh}'- m period IX of Table I and 
m peijod II of Tiblc III so small an amount of hippuric acid nas 


eliminated (low — latio) 

B 

i\'Iagnus-Lcv 3 '’s observation that staivmg animals eliminate less 
hippmic acid than do animals w’hicb are w^ell nourished is not cor- 
roborated b}’' the present findings 
In conclusion, I beg to exiJress my thanks to Prof Graham 
Lusk for suggesting this problem and for many valuable sugges- 
tions made during the course of the experiment 


CONCLUSIONS 

1 Goats and rabbits have the power of ehmmatmg hippuric 
acid containing more gLmocoll than is found preformed in the 
proteins tliej’’ metabolize As much as 3S 4 per cent of the total 
nitrogen of the goat wms eliminated as glycocoll nitrogen m the 
hippuric acid 

2 The ingestion of benzoate m large quantities results in fl 
consideiable mciease m the nitrogen elimmation The produc- 
tion of mea is not affected by it 

3 Tlie inciease m the nitrogen elimination is much greater 
than the amount of nitrogen eliminated in the hippuric acid 

4 It IS suggested that the large quantities of g] 3 moco]l originate 
from the “extra destiojmd” protem, and not from the protein that 
would have been metabolized had no benzoate been given 

5 The diet lias no influence on the amount of hippuric acid 
eliminated 

6 No sjmthetic production of glycocoll from glycolhc acid 
could be determined 

7 A sucldmg calf, fifteen daj^s old, which had never received 
the glycocoll complex m its food, was m full possession of the power 
to synthesize hippuiic acid and eliminate it in laige quantities 



STUDIES IN NUTRITION 
n THE UTIL.IZA.TION OF THE PROTEINS OF BARLEY 

Bt LAFAYETTE B MENDEL axd MORRIS S FINE 

(From the Sheffield Laboratory 0 / Physiological Chemistry, Yale University 
Kew Haien, Connecticut ) 

(Receued for publication, September 25, 1911 ) 

DatT, regarding the utilization of the proteins of barley are con- 
fined almost entirely to the Japanese literature,^ according to 
tvhich thej are but 40 to 76 per cent available Hovrever, the 
experiments from which these data are taken were not exempt 
from those unfat orable conditions which render it difficult to 
draw conclusions " 

tlETHODS 

The routme mcident to the metabohsm experiments did not 
differ essentiallj from that desenbed m the previous paper of 
this senes The concentration of hemicelluloses m the barlej 
preparation and in the resulting feces was detennmed For this 
purpose 2 5 to 3 5 grams of the dned matenal were boiled for four 
hours with 220 cc of 2 per cent hj drochlonc acid * Proteoses and 
peptones, which disturb the subsequent precipitation of copper 
oxide, u ere remoi ed bj the addition of a solution of phosphotung- 

' Cf Osbima U S Department of Agnculture, Office of Experiment 
Stations, Bull 159, 1905 

“ Cf ilendel and Fine This Journal, x p 303 1911 
* From the studies of Swartz {Traw^actions of the Connecticut icademy 
of Arts and Saenccs, xn, p 323, 1911) it appears that maximum reduction 
after h\ droK sis is obtained in three to four hours The crude barlev pro- 
tein preparation of these experiments xiclded but 0 G per cent more hemi- 
collulores n hen boiled four hours than when the interval was reduced to two 
and a half hours as called for in the official method for the estimation of 
starch (U S Dept of Apiculture, Bureau of Chemistn , Bull 107 n 53 
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^tic acicl 1 TJie icsuHmg precipitate Mas Mashed, the united fil- 
trates neutralized and made up to 500 cc , of Minch 25 cc were 
used foi the sugar estimation according to the Alhhn gravimetnc 
method The hcmicellulose was computed by multipljong the 
dextrose thus obtained by 0 9 = 


EXPr:niaiENTA.L part 

Product Employed 

The crude barley protein emploj^ed m this study Mas prepared 
ns folloMS 

About soien pounds of barlej' flour,’ in one pound lots, were made into 
n thin homogeneous mush mth water and heated in an autoclave at about 
120° C for ten to tMCnty minutes After the material had cooled to a tem- 
perature of about C0° C an am 3 ’loljtic preparation was added Itwasneces- 
sarj to repeat this process at least three tunes before the cells were com- 
plctclj disintegrated and no starch reaction was obtained in a test tube 
Inal The insoluble material thus obtained settled very reodil} and was 
washed with ease four to si\ times wutli water bj decantation It was 
finally filtered, dried on a water bath and ground to an impalpable powder 
Analysis ga^e the following values 


Protein (N X 5 7*) 

per cent 
51 0 

Carbohj'drate by hydrolysis (hemicelluloses) 

21 7 

Ether extract 

S 3 

Ash 

1 0 

Moisture 

3 0 

Crude fiber (by difference) 

15 0 


When tieated Muth iodine and examined undei the microscope, 
starch particles M^ere so infrequent as to be consideied absent, yet 

’ Cf Abderhaldcn’s Handbuch der Btochennschen Arbeitsmctkodcn, m, 
1, p 271, 1910 With this method the barley preparation joelded 21 7 per 
cent hemicelluloses, when the phospfaotungstic precipitation was omitted, 
the yield was reduced to 18 5 per cent Swartz (foe cit , p 343) adopted the 
expedient of clarifying with charcoal with satisfactory results 

’ This IS believed to be justifiable in view of the similarity in ultimate 
analysis of starch and hemicelluloses 

’ Mr M F Deming of the Cereo Companj, Tappan, N Y , kindly con- 
tributed this material 

< Factor proposed by Atwater and Brjant Report of ike Starrs Agri- 
cuUural Experiment Station, p 79, 1899 
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on hjdroljzing -with dilute acid, 22 per cent of carbohj drate n as 
obtained This condition i\ ould suggest that the values for starch, 
as ordinarilj found bj acid hj'droljsis, cannot be relied upon, 
since a bodj other than starch maj be present, vhicb on bj drolj - 
sis yields reducing substances Indeed Schulze* has shown the 
wide-spread occurrence of hemicelluloses, a group of substances 
readily attacked by dilute acids, pelding reducing sugars, and only 
leiy slowly affected by enzjTnes' Apparentlj the untreated 
bade} contains at least 5 per cent of hemicelluloses 

Mdaboltsm Expenments 

Grade barley protein was fed to two bitches as detailed in the 
first two tables Casual inspection of these data would indicate 
that barley protein is relatively poorly utilized, having a coeffi- 
cient of digestibility' of 85 per cent against 97 per cent for meat 
fed, as it might at first sight appear, under identical conditions 
Hon ever, each day's supply of barley protem preparation contained 
about 8 grams of crude fiber — ^practically' mdigestible® — and 11 
grams of hemicelluloses, of which 9 grams reappeared m the feces 
in both experiments^ The barley -protem feces thus contained 
about 17 grams of undigested non-mtrogenous matenal, and these 
ex-periments should therefore not be held comparable to trials 
with meat where such unfavorable conditions were not m ev'i- 
dence 

* Cf Schulze and Godet Zeilschr / physiol Chem , ba, p 2S1, 1909 
Cf Swartz Loc ciJ (contains the hterature) 

’ Cf Swartz Loc cil , p 26S ff (contains the hterature) 

<The barlej -protem feces from both animals yielded 10 grams of dextrose 
(=9 grams of hemicellulose) on hjdrohsis The cnticism might be offered 
that a portion of the dextrose thus obtained is due to the cane sugar of the 
food mixture, its digestion and absorption having been dimimshed by the 
excessiie fecal discharges (22 grams dn dailj) Against this objection 
arc the following facts (1) meat diets containing 10 grams of bone ash but 
othermse identical to those in this papervuelded 14 to 15 grams of dry carho- 
hydralc-frcc feces daih , (2) cotton seed diets, containing 25 grams of cane 
sugar as in the aboie trials, produced 23 to 24 grams of drj feces, which 
1 leldcd onh 4 to 6 grams of reducing carbohj drate on hydroKsis — quantities 
attributable to undigested hemicelluloses of the food 
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TIk' im])oitnncc of coinpanng experiments in which the indiges- 
tible uon-iiiliogenous material,' in addition to the nitrogen intake 
and accessoiv .11 tides of diet, arc similar, was adequately appre- 
ciated only nflei the major portion of the studies of this senes nas 
completed Tunis 111 111110 }! these principles were consistently 
ajijilied not being at hand, i\e must be content nath grouping data 
11 Inch null as fai as possible enable one to interpret properly the 
icsults on jirotcin utilization Table 3 contains such an arrange- 
ment IVIcat diets containing 6 grams of fiber and 13 grams of 
indigestible materials 11 ere 91 and 89 per cent utilized, respectively 
Thus the utilization of 85 pei cent for the barley preparation with 
its 8 giams of fiber and 11 grams of hemicelluloses (of which 9 
glams icappcarcd in the feces) leads one to believe that under 
favoiohle coiidiiwns, harlcij 'piotein, like that of the closely related 
( Cl cal 11 heat, lioutd be almost pcifedly digested 


TABLE 1 


Crude Barley Protein 


scfu/rcT DOC 5 
WclRlit lit heglnnliiK 0 2 Kg 
end 0 3 Kg 


Height nt 


rEntoD fTtrn 
(5da\s) 
lloat Feeding 


rEltlOD xxit* 

1 (4dM«) 

IBarlej Protein Feedlns 


Composition of daily diet 


Meat 
j Sugar 
■ Lard 
Watei 


grams 


prow* 


150 Barley protein o3 


25 

20 

100 


Sugar 
Lard 
IV iter 


25 

30 

200 


Nitrogen onl-pnt 
Urine nitrogen, gm 
Total nitiogcii, gm 
Nitrogen in food, gm 
Nitrogen balanee, gm 


j Estimated 
calories 530 

1 Estimated 
i calories 490 

Dallj Aierages 

1 DniU 

ernges 

3 68 

1 3 

99 

3 84 

4 

67 

4 64 

4 

64 

1 -fO SO 

-0 

03 


Fcccs 


Weight air dr^r, gm 
Nitrogen, gm 
Nitrogen, pei cent 
Nitrogen utilization, per cent 


3 4 
0 16 

4 62 
96 6 


•About half the food forced 


22 0 
0 6S 
3 10 
S5 3 


1 The influence of such substances upon 
cussed more fully in a subsequent paper 


nitrogen utilization mil bo dis- 
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T^LE 2 


Crude Barley Prolein 


SXmJECT DOG 7 

Weight at beginning 6 6 Kg Weight 
end 6 7 Kg 

at 

PERIOD xxvni 1 

(5 days) 1 

Meat Teeding j 

period XXIX 
(Sdar") 

Jarley Protein Feeding 




fframs 

fframs 



Meat 

150 

Barlej protein 52 



Sugar 

25 

Sugar 25 



Lard 

20 

Lard 30 

Composition of dailj diet 


y> ater 

100 

VTater 200 



Estimated 


Estimated 



calones 

530 

calones 490 

Nitrogen output 


Dall> \vEnige9 

Dally Averages 

Unne nitrogen, gm 


3 60 


3 75 

Total mtrogen, gm 


3 75 


4 45 

Nitrogen m food, gm 


4 64 


4 64 

Nitrogen balance, gm 


+0 S9 


+0 19 

Feces 





Wei^t, air drj, gm 


3 8 


22 4 

Nitrogen, gm 


0 15 


0 70 

Nitrogen, per cent 


3 82 


3 12 

Nitrogen utilization, per cent 


96 9 


85 0 


TABLE 3 


DOG 

PERIOD 

i 

DATS j 

1 

N VTCRE or INOESTA 

1 1 

1 nBRR ' 
1 IN OB 

1 added 

TO FOOD 

TOTAE 

IMDlOES- 

TIBIX 

hateeial 

IN FOOD 

. 1 
lyTAKT. 

N 

CTTLIZA- 

TION 

JLTZB- 
A.OE X 
CTILIZA* 
TION 



i 


j jTToms 

grams 

crams 

eentp^ cent 

5 

XX1\ 

4 a 

Crude barlej 

(! 8 

19t 

4 6 

85 3 


7 

XXIX 

5 ] 

protem 

\l 8 

19t 

4 6 

85 0 

f OO ^ 

5 

1 XXTll* 

1 


f! ® 

6 

3 3 

90 5 

1 

6 

XIX* 

4 

Meat 

6 

6 

3 3 

89 2 

191 0 

7 

1 XVIU* 

1 

' ' 


i 6 
\ 

6 

3 3 

93 3 

) 

5 

1 

4 

Meat 

1 

6 

13 

3 3 

, 91 6 


6 

xn* 


Agart 2 gm 

V ® 

13 

3 3 

1 87 7 

|89 2 

7 

w* 

4 

Bone ash§ 5 gm 

1 6 

13 

3 3 

' 83 3 



* ..w ui lue^e experimenw -wui De puDiunea m a sub eqnent paper o[ this series 

iDcludea 11 gram of hemlcellulo^ca which \rere IS per cent utilized ( ee pa^e 341 
this paper) 

t Saltl (this Jcumol 11 p 251 l^oo) recoTered all but 17 per cent of the agar fed The 
amount of agar thus falling to reappear In the feces of these cxperlmenta is too email to 
considered 

i We are unable to tate exactly how complcteb the bone a^h reappears In the fece? Steel 
and Ole*. ( iner Jcum of Piynd xx, p 350 1Q07) found no change In urtnaiy calcium or 
pbospnonis when large amounts of bone a h were added to the diet 
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(From the Sheffield Laboratory of Physiological Chemistry, Yale Unitersily, 
New Haven, Connecticut ) 

(Received for pubbcation, September 25, 1911 ) 

Com has been, produced extensively as a food for man m America 
for many hundreds of years ^ It is scarcely a century since com 
has ceased to be the most important of our food cereals, this high 
place m our dietary havmg smce been assumed by wheat because 
of its supenor bread-making qualities Com has been, and is, 
an important article of diet m other parts of the world also A 
verj'- popular dish m Italy is maize cooked with water to a stiff 
mush, to which a httle cheese is added This preparation is called 
polenta, and accordmg to Ranke * it is the mam article of diet 
m certain parts of Italy 

Rubner reported a study on the availabihty of polenta seasoned 
with meat extracts The digestibility of the whole was 85 per 
cent, but assummg the meat extracts to be completely absorbed, 
the apparent utilization would fall to 80 per cent 
In experiments on himself hlalfatti found the digestibility of 
maize to be 82 per cent The utihzation of this material was 
lowered to 68 per cent by the addition of much butter and raised 
to 93 per cent uhen cheese was added to the diet 
The work of Grandeau, on the availabibtj of maize in the horse, 
is cf interest in that it shows that even in an animal with a long 
intestine, vhere the food maj remam for a greater length of time, 
and the cellulose be dissolved to a considerable extent — even here 
the digestibihtj was an a\erage of only 69 per cent Thegener- 
allj low utilization of polenta is further shown by Albertoni and 
Novi, and by Ensmann 

* Cf Mernll (1906) sec bibliography 
’Ranke Yeitschrifl far Biologic, xm, p 130,1877 

343 
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'Iho utilization cxpciimcnts of Merrill, in which the protein of 
the com of vaiious corn prcpaiations A\as found to varj^ in diges- 
tibility fiom / 3 to 86 pel cent, lend further support to these data, 
as docs the later "work of the same author, in which the protein of 
corn \\as calculated to be onl3’’ 61 per cent utihzable 

The above data on the digestibility of maize are quite contrar} 
to those obtained foi “loborat,”^ an albumose-like preparation 
“Roboiat” has been the subject of considerable investigation, 
notably bj’’ Laves, Loevy and Pickart, Wintgen, Hoppe, and Som- 
merfeld, the consensus of opinion being that this commercial mate- 
rial is quite as v ell utilized as meat 

Pertinent objections may be raised to all the foregoing data on 
the digestibility of the protems of corn The maize emplojed 
contained coiisideiable starch, and it is an open question as to 
ivhat extent the cells verc ruptured The unfavorable influence 
of these conditions has been discussed at length in apre^^ouspaper - 
WJiile these objections do not applj’’ to the thoioughlj' digested 
“roborat,” still here the protein has been considerably changed, 
being piesent in part as proteoses 

Investigations on the pure unchanged protem v ould of course 
be free from these criticisms Maize contains several proteins,^ 
one of Inch is zem, an alcohol-soluble protein, which makes up 
about half the total protein The experiments on zem are pracr- 
ticallj'- limited to those of Roclcwood on dogs In two experi- 
ments this observer found the utilization of zem to be 78 and 90 
per cent respectively It should be noted that the zem employed 
bj'- Rockv ood was hard and not verj'- finety divided, and it is pos- 
sible that this may have been a factor contributing to the poor 
utilization 

Heniiques has studied zem with reference to its ability to main- 
tain nitrogenous equilibrium in rats Incidental^ one notes 
from his tables that the zem vaiied m its apparent utilization be- 
tween 50 and 90 per cent However, zem, which bad been pre- 
viously subjected to trjqitic digestion wms only 74 per cent utilized, 

1 For an account of the properties of this material compare Loewy -Jud 

Pickart (see bibIiograpIi39 
- Cf hlendel and Fine This Journal, \ p 303 1911 
»SeeT B Osborne V^iinzonprotemo,’’ Ergebmsseder Physiologic, 

\, p 47, 1910 
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and zein obtained by precipitation from its solution m alkali 
with acid was but 64 per cent digested Szumou-ski’s' obsera a- 
tions ma> bfe of mterest in this connection A 4 kg dog v.as fed 
with a mixture of 100 grams of finely ground zein, sugar, lard and 
water Five hours later the dog was bled to death, and there 
were reco\ered 61 grams of zein from the stomach, 18 grams from 
the small intestine and 6 grams from the large mtestme In an- 
other instance, a solution of alkali-zem was fed, which resulted 
in irritation of the stomach and diarrhoea It may be that the 
poor utihzation obtamed by Hennques for zem subjected to trjTitic 
digestion, and for the zem pre-viousl}' dissoh ed in alkab, is due to 
the production of diarrhoea Indeed it is well known that 
proteose preparations from meat and other sources may show 
apparently poor utilization for this very reason 
The literature thus assembled would seem to fa\ or the view that 
the unchanged protem of com is poorly ubhzed, but it should be 
borne in mmd that the conditions attendmg these experiments 
have m practicallj no instance been free from objection 

EXPERniENTl,L PART 
Product Employed 

The present studies were confined to com gluten,- which con- 
tained practicallj no starch A large amount of this substance 
was obtained bj^ Dr T B Osborne, who verj kmdlj supplied 
all of tins matenal necessarj for our experiments 


Metabolism Experiments 

The gluten, ground to an impalpable powder, was fed to three 
bitches, the usual method of procedure prevailmg ' Dogs 6 and 7 
(Tables 2 and 3) in the experimental penods recen ed no other 
nitrogenous substance except the com gluten, while dog 5 (Table 1) 
recen ed two-thirds of the total nitrogen as com gluten, and the 
remainder m the form of meat 

* ^umowski Zciischnjl fur •physiologisehe Chcmic, xxwi, p 19S, 1902 
Tln^i m'lternl CQnt*\ined 7 0 per cent nitrogen 

' See Mendel ind Tine This Journal, x p 303, 1911 
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TABLE 1 


Corn GUtlcn zoilh Agar and Bone Ash 


BunjrcT, Doo I 
n oirht at boclmilnK, 6 7 Kr 
B clRht at tncl, 6 4 Kr 

rEJiiop i 
(6 dajsl 
Meat r ecdlDR 

prmoD n 
(4 claj s) 

Corn Gluten and 
Meat reeding 

, PERIOD m 

(4 daj’s) 

Meat FeedlDj 

Composition of daily 
diet 

QTam 

Meat ICO 

Sugar 20 

Lard 20 

Agar 3 

Bone ash 7 

Water 100 

Estimated 
calories 530 

s pram 

Corn 

gluten 43 
Aleat 50 

Sugar 20 

Lard 25 

Agar 3 

Bone ash 7 
IVater 175 
Estimated 

calories 470 
Corn gluten 
furnished 66 6 
per cent of the 
total nitrogen 

5 QTQmi 

Meat IM 

Sugar 20 

Lard 20 

Agar 3 

Bone ash 7 

Water 100 

Estimated 
calories 520 

Nitrogen output 

Dallj A\ erases 

Dallj Avemges 

Dill} A% erases 

Urine nitrogen, gm 

Total nitrogen, ^ 
Nitrogen in food, gm 
Nitrogen balance, gm 

Feces 

Weight air drj', gm 
Nitrogen, gm 

Nitrogen, pei cent 

Nitrogen utilization, per 
cent 

4 44 

4 73 

4 89 
+0 16 

13 2 

0 29 

2 22 

94 0 

4 21 

4 72 

4 91 
+0 19 

23 5 

0 51 

2 16 

89 7 

3 80 

4 15 

4 90 

+0 75 

14 5 

0 36 

2 48 

92 7 


TABLE 2 

Corn Gluten xoith Agar and Bone Ash 


BunjECT, DOO 6 

Weight nt beginning, 5 3 Kg 
Weight at end, S 1 Kg 

PEJllOD J 

(4 dnjs) 
Meat Feeding 

PEIMOD II 
(5 dnj 8} 
Corn Gluten 
Feeding 

PBHIOD in 
(6 dnjs) 
Corn Gluten 
Feeding 

PERIOD IV 

(5 dais) 
Meat Feeding 

Composition of daily 
diet 

gram 

hfeat 150 
Sugar 20 
Lnrd 20 
Agar 3 

Bone ash 7 
Water 100 

Estimated | 
calories520| 

s gram 

Corn 
gluten 65 
Sugar 20 
Lnrd 25 

Agar 3 

Bone ash 7 
Water 175 
Estimated 
calories 420 

IS gram 

Corn 

1 gluten 65 
1 Sugar 20 
Lard 25 

Agar 3 

Bone ash 7 
Water 200 
Estimated 
calories 420 

5 gramf 

Meat 150 

1 Sugar 20 

‘ Lard 20 

Agar 3 

Bone ash 7 
Water 100 

Estimated 

calories520 

Nitrogen output 
Urine nitrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

Weight, air dry, gm 
Nitiogen, gm 

Nitrogen, per cent 
Nitrogen utilization, 
per cent 

Enllj Aserages 

Dallj Aacrages 

Pallj A\ornKe8Dnlh A\cr3f:e? 

3 89 

4 16 

4 93 

+0 77 

12 2 

0 28 

2 28 

94 3 

4 79 

5 29 

4 95 

-0 34 

26 0 

0 50 

1 92 

89 9 

4 71 

5 17 

4 95 

-0 22 

21 0 

0 46 

2 17 

90 7* 

3 70 

' 4 06 

4 93 
+0 87 

13 6 

0 36 

2 64 

92 7 


about half tho feces oTThb perioT were ^rred givJne rise to posalblo 

Jnanaljsla 




Lafayette B Mendel and Morns S Fine 349 

TABLES 


Com GMen mth Agar and Bone Ash 


aiTBJrcr, poo 7 

Weight at beginning 5 6 Kg 
height at end 4 9 Kg 

PEBIOD I 

14 days) 

Meat EeMlnc 

PERIOD n 

H days) 

Corn Gluten 
Feeding 

pEiaoo in 
(5 days; 

Meat Feeding 


ffTom* 

ffrarri 

CTCn* 


Meat 100 

Com 

Meat 100 


, Sugar 20 

gluten 43 

Sugar 20 


1 Lard 20 

Sugar 20 

Lard 25 


1 Agar 3 

Lard 25 

Agar 3 

Composition of dadj 

1 Bone ash 7 

Agar 3 

Bone ash 7 

diet 

Water 100 

Bone ash 7 

llater 100 



Water 160 



Estimated 

j Estimated 

1 Estimated 


calories 430 I 

calones 390| 

calones 470 

Nitrogen output 

Dally Averagea 

Dally Averages | 

Dally Averages 




Unne nitrogen, gm 

2 9S 

3 30 

2 5S 

Total nitrogen, gm 

3 26 

3 66 

2 81 

Nitrogen in food, gm 

3 29 

3 27 

3 29 

Nitrogen balance, gm 

+0 03 

-0 39 

+0 48 

Feces 




Weight air dry, gm 

1 12 5 

19 2 

12 8 

Nitrogen, gm 

1 0 28 

0 36 

0 23 

Nitrogen, per cent 

1 2 26 

1 S6 

1 81 

Nitrogen, utilization, per 



cent 

91 4 

i 

89 0* 

1 

93 0 


* By an accident about hall the fecea of thia period were ebarred glvtns rise to possible errora 
la 


From the accompanjTng bnef summarj it is apparent that the 
protein of the corn gluten is only slightly less icell utilized than meal 
similarl3' fed 


Summary of the Data on A ttrogen Utilization (see Tables t~S) 


DOQ 

cons CLCTE^ 

MEiT (iVEKAGE) 


per cent ] 

per cent 

5 

59 7 ■ 

93 3 

6 

S9 9 

93 5 

6 

90 7 

93 5 

7 

89 0 

92 2 
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Ccitam considerations lead us to believe that under idealcon- 
ditions the utili/atioii of com Mould compare even viore favorahbj 
Mitli that of meat The pioportion of protein to crude fiber in 
com flouii IS approximately 8 1 It is probable therefore that 
the com gluten of oui experiments had a crude fiber concentra- 
tion ajiproximating 6 pei cent In the light of experiments to be 
repoited in detail in a subsequent paper, it is conceivable that the 
cellulose, etc , thus included in the diet Mould in part account for 
the difTcrcnce in the coefficients of digestibility of the proteins 
of corn and meat 


TABLE 4 

Ulihzalton niih Reference to Indiqcstible Materials in the Diet Daily 

A vet apes 


DOO 

rrniOD 

DA'iS 

^AT^n^ or ingesta 

riDsn 
IN on 

ADDED 

TO FOOD 

1 

1 TOTAL 
INDIGES- 
TIBLE 

MATEniAI 

IN* FOOD 

‘ N 
intake 

N 

UTILIZ 

TIOV 

A\ER 
AOE N 
trnuzA 
TIOV 




orams 

grams 

grams 

grams 

per cent 

per cent 

5 

X-V * 

4 

1 Meat 

6 

13 

3 3 

91 6 

1 

6 

XVl* 

1 4 

t Bone ash 5 • 

6 

13 

3 3 

87 7 

89 2 

7 

XV* 

4 

J Agar 2 

C 

13 

3 3 

' 88 3 

J 

6 

u 

5 

1 Corn gluten f 

4 

14t 

4 9 

89 9 

] 

6 

in 

5 

1 Bone ash 7 -j 

4 

14t 

4 9 

PM 

89 9 

7 

11 

4 

j Agar 3 [ 

3 

13t 

3 3 

■ 

J 


* The dctiills of these experiments appear In a subsequent paper In this scries 
t Those xTiIucs are low If nnj thing a certain amount of Indigestible hemlcelluloses probablj 
being present 


From Table 4 it is apparent that meat diets containing amounts 
of indigestible mateiials comparable to those in the corn gluten 
diets M^ere no more thorough]}'- utilized than the corn gluten 
From this point of mew, the pioteins of corn are evidently quite 
thoroughly utilized 

There may be some doubt as to the validity of certain of the 
data in Tables 2 and 3 as is pointed out in foot-notes to the tables, 
but the data are in such close accord with others, about M'liich 
there are no such uncertainties, that we are inclined to accept them 
as giving true pictures of the actual state of affairs 

1 See Atwater and Bryant U S Department of Agriculture, Office of 
Experiment Stations, Bull 28 (re-used), p 5G, 1906 
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A rather unsuccessful attempt was made to determme directlj 
the mfluence of mdigestible matenals upon the utihzation of corn 
proteins Agar and bone ash were omitted from the food mixtures 
(See Table 5 ) A new sample of gluten was emplojed, touard 
uhich the animals acted \ ery differently than they did toward the 
first sample Dogs 5 and 6 vomited practically all their food, and 
dog 7 jaelded results which cannot be accepted entirely without 
question, smce, as pomted out m the foot-note to the table, a por- 
tion of the food here also was ejected Here the utilization of the 
com protem is decidedly mfenor to that of meat, and even thus, the 
apparent utdization recorded is better than is actuallj the case, 
since not all the food noted in the table was submitted to diges- 
tion Whj the animals acted so differently toward these two 
samples of com gluten, we are unable to evplam Although quite 
finely ground, the second sample was not an impalpable ponder, 
and this maj account for its Ion digestibihtj This explanation 
IS not especiaOy satisfactorj' to us 

TIBLE 5 

Corn Glulen mlhoul Agar and Bone Ash 


StTBXECr BOO 7 
IVcIght at beginning 6 6 kg 
Height at end 6 6 kg 


Composition of dailj diet 


A -ilrogen output 
bnnc nitrogen, gm 
Totil nitrogen, gm 
^Urogcn m food, gm 
Nitrogen balance, gm 
Fcees 

11 eight air drj , gm 
Nitrogen, gm 
Nitrogen per cent 
Nitrogen utilization, per cent 


PERIOD xxra* 1 

(Sdaj’a) i 

Com Gluten Feeding ■ 

PEEIOD XXTHl 

(odaysj 

Meat Feeding 

grams 

Qrams 

Com gluten 

61 

i Meat 

150 

Sugar 

25 

1 Sugar 

25 

Lard 

25 , Lard 

20 

Water 

225 

Water 

100 

Estimated 


Estimated 


calories 

450 

1 calones 

530 


Dailj Averagee t Dally Aveiages 

4 3S ! 3 60 

4 78 j 3 75 

4 76 4 64 

j -0 02 I 4-0 S9 

' 10 7 I 3 8 

I 0 41 , 0 15 

3 S2 ' 3 82 

’ 91 4 ' 96 9 


pan 01 .he rood 
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From Table G it is apparent that with one exception negatm 
balance icsuUcd m {he corn gluten 'periods while positive balances 
obtained Jin oughout the meat periods The one exception is that 
of Dog 5, and m this case it will be recalled that one-third of the 
daily nitiogen was supplied by meat Hennques failed to estab- 
lish nitrogenous oqiuhlynmn mth zem m rats 


TABLE 0 


Average Daily Balances — Nitrogen, in grams 

B0nJECT 

TABLE 

GLUTEN rEBlOBS 

COnRESPONDIhO MEAT 
PERIODS 

Dog 5 

1 1 

-fO 19 

4-0 16, +0 75 

Dog 6 

2 

-0 34, -0 22 

-to 77, -t-0 87 

Dog 7 

3 

-0 39 

-f 0 03, +0 48 

Dog 7 

5 

-0 02 

-fO S9 


SmiMART 

Corn proteins, partially purified, were somewhat less thoroughly 
utilized than meat Evidence was presented to indicate that this 
small difference may in great part be attributed to the cell resi- 
dues remaining in the corn preparation employed 
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Considerable interest has been added to the importance of the 
stud} of the metabolism of the ammo-acids by the more recent 
work on sugar production from these substances m diabetes In 
a paper b} Rmger and Lusk- expenmental etndence is at hand of 
the comersion of gl} cocoll, 1-alamne and glutamic acid mto sugar 
A knowledge of the total extent to which these ammo-acids 
can be formed m the body would afford us a better understanding 
of the processes im olved m the intermediate metabobsm of pro- 
teins The ease with which benzoic acid can evidently cause the 
production of gl} cocoll, and consequently the elimmation of hip- 
punc acid, affords us a simple means of exammmg more deeply into 
at least one phase of the cleavage of proteins m the body 
The subject of hippunc acid has received considerable atten- 
tion from a number of mvestigators , and much valuable infor- 
mation concemmg it is recorded It is known from the work of 
Parker and Lusk,® TTiechowski,^ ]Magnus-Le\'}’',® and others, that 
gl} cocoll can be elimmated as hippunc acid to a \er} unusual 
extent, on feedmg benzoic acid It has been ascertamed that 
gl} cocoll so eliminated can constitute the major part (up to 64 
per cent) of the total mtrogen present m the urme 
The results of nearly all mvestigators agree in showung that the 
gl\ cocoll formation doe® not depend upon the amount of protem 

‘ Aided b\ the George BlumenthR Jr fellovrship 
’ Ringer and Lusk Zat’chr f phytiol Chem , Iwi, Heft 1 and 2 
’ Parker and Lusk Imcr Journ of Physiol , ui, No 9 
‘AAicchowski HofmcisicFs BcUrage, ^•^l, 1900 
‘ Magnus-Lcvj Munebener med 11 och , No 52, p 210S, 1005 
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molahohsni, but to a certain extent goes hand m hand inth the 
amount of benzoic acid administered lAuthm a given period In 
vilio no bod^ -piotein can ■\aeld on hydrolysis much over 3 per cent 
of glycocoll However, the amount of glycocoll which the body 
cm fuinisli foi symtliesis into hippuric acid is far m excess of that 
jncforined in such proteins TJie origin of this excess of glycocoll 
remains unexplained It has been assumed by some investiga- 
tois that the animal body contains a “surplus” or reserve of gly- 
coeoll (lucsumably like that of glymogen) which is drawn upon by 
the benzoic acid Such an assumption necessarily implies that 
undci certain conditions the supply of glycocoll (sunilar to that of 
glycogen) can be exhausted Magnus-Levy^ questions this hjpoth- 
esis and arrives at a different conclusion Judgmg by the re- 
sults obtained by most investigators the idea of a resen'-e or sur- 
plus does not seem to hold 

As stated above it is generally admitted that mthm certain 
limits the pioduction and elimination of glycocoll run parallel 
vith the amount of benzoic acid fed This coercive action of 
benzoic acid upon the formation and elimination of glycocoll 
reaches a maximum — which maximum, however, as Wiechovski 
has shown, can be maintained after a prolonged period, a similar 
observation was made in wmik on dogs by Salkowsla * In our om 
series of expeiiments, one rabbit proved unusually resistent to 
benzoic acid and the drug was fed over a prolonged period This 
rabbit (R 5), weighing 1700 grams, received daily 1 7 grams of 
benzoic acid (1 gram pel kilo) in the form of sodium benzoate, 
subcutaneously foi fifteen days mth the followng lesult 

I Normal period — foui days (average of daily determinations) 0 556 
gram total N, 0 012 giom hippuric acid N 

II First benzoic period — fifteen da 3 ’^s (average of daily determinations) 

0 8S2 gram total N, 0 131 gram hippuric acid N 

Computing for the entire period of fifteen days, the animal elimi- 
nated 13 230 giams of nitrogen of which 1 965 giams or 14 8 per 
cent was hippuric acid mtiogcn 

III Without allowing any normal interval, the animal was given daily 
2 532 gi ams benzoic aci d (1 5 grams per kilo) for eleven consecutive days, and 

’■ Magnus-Levy loc cii 

* SalLowski Inlernal Beitr zut Medizin, n, p 27, 1902 
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It elimmated in this period 0 916 gram total N, and 0 16S gram hippunc 
acid N as a dailj average 

The total nitrogen for eleven da>^ amounted to 10 076 grams 
of which 1 848 grams or 18 3 per cent was hippunc acid IST In 
short, the animal recened benzoic acid dailj for twenty -sdl suc- 
cessiie dajs with the result that it catabohzed 145 / grams of 
protem (23 306 grams N) jneldmg at the same tune 20 5 grams of 
glj cocoll (3 813 grams K) as hippunc acid 

Computing from the normal period given abov e, the probable metabolism 
of twentj-siv normal dais would amount to 90 5 grams protein with a 
glj cocoll jield of 1 6 grains The extra glj cocoll jueld obtained m the ben- 
zoic acid penod, however, was 18 9 grams from 55 grams of extra proteid 
catabohzed, that is to sax , 34 per cent 

Sex eral pomts of interest appear m this experiment It is seen 
first of all, that though for a gixen amount of benzoic acid (1 gram 
per lalo), the animal does not (on an axerage) sjmthesize dail}' 
more than 70 per cent of it into hippunc acid, the glycocoll is 
exidentlj mexhaustible xvhen the entire penod is considered It 
appears, moreover that an additional 0 5 gram of benzoic acid per 
kilo causes a nse in both the total nitrogen and hippunc acid nitro- 
gen output In this penod, boxxever, the total benzoic acid sjm- 
thesized dailj is onljr 58 per cent In other xx ords, notxvithstand- 
mg the total nse in the hippunc acid output, the relative coercive 
efficiencj of the benzoic acid for the production of glj cocoll drops 
This may be interpreted as an indication of the fact that no real 
reserxe or surplus of glj cocoll exists m the bodj, but that it is 
formed progressix elj as the need for it anses 

In X\ icchowski’s work' and our own, we find indications that the hip- 
puric acid elimination depends upon four factors, namelj, (l)the amount 
of benzoic acid present m the circulation at a gixen tune, (2) theextentof 
glx cocoll formation , (3) the rate of glj cocoll formation in the bodj , and (4) 
the rate of hippunc acid sxmthesis The first of these — the amount of 
benzoic acid in the circulation — naturallj depends upon the amount of ben- 
zoic acid given, and consequently the rate of elunmation of benzoic acid as 
such bx the kidneys and intestines As the above experiments (and all 
other experiments of this character) show, the extent of glj cocoll formation 
IS partVx dependent upon the amount of benzoic acid given This is xxell 
demonstrated in the increase of glj cocoU output on increasing the amount of 


' lechowbki loc eil 
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bcii70ic 'icul on the Bi\(cpnli\ d.ij of the evpenment The fall m the effi- 
CIcnc^ of tlio bcn/oie ncid to S3nthcsi7c gl} cocoll ma} be due partly to the 
in'ulc(pinf(’ r itc of gl} cocoll formation and partlj' to the rate and extent of 
free ben/oK itid elimination 


The excels of the (hilj total nitrogen output m the first benzoic 
penod (II) of the above experiment, over that of the normal period 
(I) (i c , extra nitrogen) is 0 326 gram, of which 0 119 gram or 
37 per cent is Inppunc acid nitrogen The dail}'' total nitrogen 
of the second bcnroic period (III) exceeds that of the first (II) h)" 
0 034 giam and the cxira gBrnocoll nitrogen which appears in this 
period IS 0 037 gram, but the exi-ra nitrogen eliminated in conse- 
quence of an additional 0 5 gram (per kilo) of benzoic acid, ap- 
pears entirelj m the form of hippuric nitrogen This is important 


and V c shall revert to it later 

If we analj ze the daiB"- results of this expenment (see Table 2) 
and of manj’' others in our series (exceptmg those made on fasting 
animals), we find that the largest total nitrogen and hippuric acid 
output occurs on the first day of each period On the subsequent 
days of the continued period both total nitrogen and hippuric acid 
are less in amount, reaching a level for a constant dose of benzoic 
acid which is indefinitely maintained The fall effects pnncipa y 
the total nitrogen The hippuric acid nitrogen output diminis les 
but slightly It IS only at the begmning of each period, therefore, 
that the extra nitrogen eliminated on administering benzoic aci ^ 
IS three to four times as much as that present in the form o ip 
punc acid Later on the two values tend to approach each o ler 

Wiechowski mamtains, from similar observations, tha 
level of hippuric acid production which is reached after a certa 
time can not be changed This, however Js not who ly the rcsul 
of the ammal’s syntheLc capacity of ‘’““rrfv o- 

(as Wiechowski would lead us to believe) nor “/ “ fL 
coll in the body, but it is evidently due *“ .Xeecro- 

to the coereiveefficiency of the bentoic acid itself to cause t P 
duction of glycocoll, as shown in oui prolonged bensoic acid 
Int, whei on the sivteenth day the dose of bensoic « su 
denly moreased It is true that the increase in the l-iPP™ ac 
nitrogen output at that time is not very great, nor is it propo 
“^ate tote mcrease in the dosage of bensoie acid, and ye « 
extra hippuric acid nitrogen eliminated anionnts to about 25 per 





O CC Ci o 


^ ^ ^ ^ ^ 
u u w t. s. 
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^ ^ ^ ^ ^ 
Im t- i- 
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Ccrc^ss jut-fc-*-i*-u»-. », 
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f I'obrunry S 3170 110 1 677 0 101 

ir limij'oio iioitl 126 I ],oi„,„iry q 2100 170 1 191 0 IS^l 

Rfiiins !>or kilo | bchnniry 10 2100 160 I 305 0 107 
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cent of the total hippunc acid nitrogen e\creted on the prenous 
daj s "We ’would therefore be inclined to lay some stress upon the 
capacitj’ of benzoic acid for the production of gh cocoll as -well as 
upon its power to induce the sjmthesis of hippunc acid A sudden 
nse in the total nitrogen and hippunc acid mtrogen, mth a sub- 
sequent fall to a constant level, is observable not only after even' 
normal penod or mterval — ^usmg a like amount of benzoic acid — 
but also dunng contmued penods of benzoic acid feedmg, "(vhen 
the dose is suddenl5' mcreased 

It IS the extra mtrogen, other than that of glycocoll ongm there- 
fore, V hich IS the more subject to vanation Unfortunately there 
IS no record at hand of the cmct nature of the extra mtrogen, 
which appears m the unne at the mception of each penod, that is 
not glj cocoll Rmgeri records the results of experiments on two 
rabbits "which show that the amount of urea mtrogen plus am- 
monia mtrogen durmg the benzoic penod does not differ from 
normal daj's ” 

IVe have but one senes of experiments on the rabbit m which 
the urea nitrogen and ammoma mtrogen were detemuned and 
in this senes also (as sho’wn m the followmg table) neither the urea 
nor the ammoma nse aboi e that in the normal penod 


TABLE 3 


TOTAL . THREE D^TS 
N , TOTAL 


Rahhit 1 
September IS 
September 19 
September 20 

September 21 
September 22 
September 23 

September 24 
September 25 
September 2G 


CREA >.H» 

■V PCRIC 

" ' I ACID \ 


} grams gram gran | 

t 

' 1 396 0 027 

I 

! 

Benzoic acid given, 
1 3S6 0 101 0 112 1 020 grams or 
0 5 gram per 
kilo 

1 

1 41S 0 033 0 019 
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It 'would b(> li.'trdB' jn^-tifiable to diaw conclusions from our set 
of o\poiimcnts, the results arc in accord wth those obtained by 
IIiiiKer, showing that uren N plus ammonia N remain unaltered 

TJio /lu(t nation m the evtr.i nitrogen is evidently not due to 
c\< lanoous mfluoiiccs, such as the amount or character of food con- 
sumed In experiments on fasting animals the glycocoll output 
as hippune atid follows the same general rule after benzoic acid 
admmistiation, as piCMOusIy desenbed, the total nitrogen (see 
'I’nble 3) on the othei hand, increases progressively with the con- 
timntion of tlic fast The reasons for this are quite obinous 
The dram jnit upon the reserve glycogen of the body due to fast- 
ing, and the forced elimination of a certain amount of glj cocoll, 
mciease the protein catabolism 


TABLE -i 


VI UtOD 


TVEianT 

TOTIL N 

jimvittc 
ACID X 

Rabbit S 

Fasting period | 

Benzoic acid 1 25 grams per ( 
kilo \ 

Februarj 17 
Februarj 18 
Februarj' 19 
Februarj 20 

ffroms 

1950 

1S50 

1750 

1650 

prams 

' 1 442 

1 806 

2 100 

1 gss 

STorn 

0 201 

0 120 

0 112 

0 096 


In animals fed on dextiin the conduct of the total nitrogen and 
Iiippunc elimination, as obseived above, and the absence of much, 
if any, food influence upon the latter, is even more stnkingly iHns- 
tiated 

Goetze and Pfeiffer* us w'ell as Pfeiffer and Eber- noticed an 
increased hippuric acid output m the urine of horses, after feeding 
pentoses, and conclude from their observations that these animals 
eliminate most hippunc acid wlien tlieir food is relatively rich m 
carbohydrates A similar observation has been made on the 
human urine, after gmng 100 grams of cane sugar and plenty of 
protein (cited from Wiechowski) This is quite in keeping with 
our owm experiments on the dextrin-fed rabbits 

From the wmik of most investigators, it seems that benzoic 
acid, by virtue of a toxic action, can disturb the general protein 

1 Goetze and Pfeiffer Jahresber der Tierchem , xwi, p SOI 
s Pfeiffer and Eber Ibid , xxvii, p 97-144 
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nu'inbolisni, but it appeals tliat this action is evliibited only at 
ccifairi times and under certain conditions Aihich may or may not 
Iic'ii an^ 1 elation to the gly cocoll formation itself 
^Vlecho^\skl' states that tlie gradual fall in the total nitrogen 
a ft Cl piolongcd feeding of benzoic acid is not due to an increased 
toicrauco on tiie jiart of the animal for the benzoic acid The toxic 


action of benzoic acid manifests itself m the loss of n eight of the 
amnia], and a docicascd consumption of food This, however, is 
not boinc out by our mm experiments on fasting and dextnn-fed 
rabbits, in the formei the total nitrogen on the first day of the 
])orjod IS less tlian that on the corresponding day of the feeding 
period "We ould natuially expect that the toxic action added to 


the increased catabolism produced by the fast, would cause an 


even greater disturbance in the protein decomposition —this, 
iiow cx'cr, does not occur Increased catabolism occurs apparently 


only (as evidenced by the daily inciease in the total nitrogen) 
when the fasting is prolonged Wiechmiski evidently loses sight 
of the fact that tlie feeding of benzoic acid does not alone involve 
the piotem catabolism, but that b}'’ remonng available gly^cocoll 


from the body, it probably also produces a profound change upon 
the sugar, and hence the glycocoll production of the bod}’’, which 


in itself may cause a loss of body weight and increased nitrogen 
catabolism The piocess is m all respects comparable to that 


obtained m phloiidzm diabetes 
The dextnn-fed animals fail to show any toxic action of benzoic 
acid They show no appreciable loss in w eight, nor do they yield 
any e\cessn'’e extra nitrogen apart from that required foi the for- 
mation of hippuric acid, even on the first day of the benzoic acid 


peiiod 

In the absence of any definite Imo’ndedge concerning the unde- 
termined nitrogen m the urine on such days of benzoic acid feed- 
ing (Avhen the extra nitrogen is greater than that of the glycocoll 
quota in hippunc acid), w'e can not say that a toxic decomposition 
of protein takes place Ringei’s results and our ovm, on urea 
and ammonia nitrogen outputs, indicate that the real body catab- 
olism proceeds normally, notwithstanding the action of benzoic 
acid upon it The wdiole tiend of the expeimients, especially 
those on the dextnn-fed animals, seems to point to tlie fact that 
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onl} the gb cocoll-bearmg or glycocoll-producmg radicals are af- 
fected bj the benzoic acid 

It seems also that the animal bod> can become accustomed to 
the presence m it of benzoic acid and catabolize more protein, only 
to that extent to -svhicb the presence of a certam amount of ben- 
zoic acid at a given time compels the production of hippunc acid 
IVhetherthis tolerance for benzoic acid is m part attributable to an 
increased efficiency on the part of the emunctones to ehmmate free 
benzoic acid, ve do not know What is certain, however, is that 
ei en large doses of benzoic acid given at a certam rate, can not 
after a brief space of time cause any greater cleavage of protem 
than that necessary for the production of a certam amount of 
hippunc acid 

When, therefore, the benzoic acid feedmg is extended over a 
prolonged penod, the hippunc acid production reaches a defimte 
lei el at which it contmues This lei el, however, is such that the 
extra nitrogen appeanng in the unne is chiefly (at tunes entirelj ) 
m the form of hippunc acid It is fair to assume from this that 
in other respects the protem metabolism, as evidenced by the dif- 
ference nitrogen (that is total nitrogen min us hippunc mtrogen) 
remams undisturbed 

In his paper on the ongm of glycocoll, Rmger^ suggests m con- 
clusion that the mcreased glj cocoll output m the form of hippunc 
acid occumng after benzoate admmistration, “does not come from 
the fraction of protem that would have been metabolized had no 
benzoate been gn en, but entirelj’- from the extra protem which is 
destroj ed, due to the presence of a toxic substance ” 

From the endence at hand, we would not regard the process 
imohed m mcreased production of hippunc acid as toxic dism- 
tegration of protem with consequent production of glj’cocoU We 
vould rather regard the action of benzoic acid m the formation 
of hippunc acid as a selective one and a compulsoi^- one upon the 
liberation of glj cocoU-beanng radicals or its formation from sim- 
pler bodies bj sj-nthesis The sulphur detennmations substantiate 
this fact Rather marked fluctuations m the total sulphur content 
of the unne m the normal penods occur under ordinarj’ conditions 
of feeding, but expenments on fasting animals and those fed on dex- 
tnn, how ei er, afford more fai orable conditions for companson 
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The above experiments support the conclusion that there is no 
parallel between the protein metabolism and the glj cocoll output 
in the form of hippunc acid On comparmg the tvo normal ben- 
zoic acid periods, we find that m the second, the total nitrogen is 
considerably low er, but its decrease is proportionately greater than 
the dimmution m glycocoU, m the correspondmg period, would lead 
us to expect Likewise the total mtrogen m the first fastmg ben- 
zoic acid period is greater in amount than that in the second, where- 
as the hippunc acid output is higher m the second fastmg penod 
It would seem from this, that the toxic action of benzoic acid 
IS quite distmct from its power to produce the e limin ation of gly- 
cocoll The former manifests itseK only by changes m the amount 
of extra nitrogen elumnated at the beginmng of each benzoic acid 
penod — an effect which quickly wears off when the administration 
of the same dose of benzoic acid is contmued 
Howei er, if we regard the figures obtamed m the sulphur of the 
different penods as a further mdication of the process mvoh ed in 
protein metabohsm, we must come to the conclusion previouslj 
reached, namely, that the benzoic acid does not cause much dis- 
turbance m the general protem metabohsm The toxic action 
manifested at the inception of each penod is more apparent than 
real The action of benzoic acid is exerted preferentiallj' upon 
gljcocoU radicals whose production it endentlj can force either 
by hydrolj'sis or by sjmthesis, without effectmg further change m 
the decomposition of protem 

The apparent mdependence of the process mvoh ed m the pro- 
duction of gljcocoU for the formation of hippunc acid from the 
rest of the protem catabolism is supported bj^ the data obtamed 
in experiments with pure carbohydrate feedmg 

The results m the above experiments are % ery stnkmg m the 
precision mth which they demonstrate the manner of the gh co- 
coll production and the role it plays m protem metabohsm Two 
facts appear a ery plainly , namely , the effect of the dextnn on the 
protein metabolism as a vhole, and the relation it bears to the 
production of gly cocoll from protein in response to benzoic acid 
In the aboa e tables anil be seen the sparmg of protem catabobsm 
and the consequent fall in the nitrogen output caused by the dex- 
tnn feeding Xotaaathstanding this diminution, the amount of 
gla cocoll on feedmg benzoic acid durmg the dextrm penods is 
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p<vitoi than that fonml m tho unnc in the periods of normal feed- 
ing 

In the fii^t of those experiments (rabbit 8, table 7) the total 
uitioi^en of the dcx-trin-bonroic period (V) is less than half of the 
prceeclingcontiol-bcnroic penod (II), that is, 0 479 gram as com- 
paied Mitli 1 OIG grams The glycocoll nitrogen output for the 
cone^'ponding pciiods is 0 145 giam or 30 3 per cent of the total, 
as eomiiaiod i\ith 0 12G giam oi 12 4 per cent 
The figures m the second ex'jieriment (rabbit 10, table 7) for 
total mtiogcn and hippuric acid nitiogen are even more instruc- 
tne The total nitrogen in the dexi-nn-benzoic penod C\0 a 
little ovei 40 pei cent of the preceding control benzoic period (II), 
and yet of that (0 5S6 gram) 0 131 gram or 22 per cent is glycocoll 
nitrogen as compared noth 0 128 gram (out of 1 383 grams N) or 
0 pei cent of the preceding period 
It should be noted, hon ever, that notmthstanding the decrease 
in the total nitrogen of both devtrin-benzoic acid periods (rabbit 
8, table 7, V) and (rabbit 10, table 7, V), tlie extra nitrogen elimi- 
nated IS in each instance covered by'’ the glymocoll nitrogen 
In regard to the sulphur output in all these experiments, it 
seems that it is subject to variation, depending upon the sulphur 
content of the food consumed, under like conditions of expen- 
mentation, leniaining fairly’- constant It is e\adently not affected 
by’’ the benzoic acid itself — ^W’-hich is a further proof that benzoic 
acid exerts its action on none but the glycocoU-producing elements 
of body’^ piotein 

lYe have already’’ seen that the gly’-cocoU output by’- the fasting 
animal (labbit 8, table 7) duiing benzoic acid feeding is, compar- 
atively speaking, high, though not quite as high as in the control 
peiiods The extia nitrogen eliminated at the same time is con- 
siderably more than that present in the gly’cocoll, and increases 
as the fast pi ogresses In experiments on animals fed on dextrin 
and benzoic acid (rabbit 8, table 7, and rabbit 10, table /) ah 
extra nitrogen appears in the form of gly’cocoll If "ne compare 
these lesults, v’e are justified in dravmg the conclusion that the 
glycocoll being inthdra-nm from the body’ in starvation, an extra 
amount of protein is catabolized In the dextrin-fed animals, the 
glycocoll IS not requiied as a souice of energy, and all availabe 
gly’cocoll IS removed by’ benzoic acid -nithout affecting the rest o 
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protein metabolism m any n ay The data obtamed by sulphur 
determmations are in accord with this conclusion 
Thus we hai e an indication of the unique formation of glycocoU 
and of the sparing effect of carbohj drates upon protein Our 
present knowledge of the formation of sugar from ammo-acids 
(more defimtely glj cocoll), leads us to assume that the ‘ dynamic 
quota” (Rubner) of protein in metabolism is furmshed b3' the 
amino-acids through a primary conversion mto sugar Liberal 
carbohj drate feedmg makes this source of production unnecessary 
and the amino-acids, that is the glj'cogenetic radicals, remam 
intact 

Whatever our vien s of the structure of protein maj’’ be, the fact 
remams that under certam conditions the animal bodj' maj' be 
forced to produce a large amount of glj cocoU u hich is m excess of 
that known to be present preformed in an}' protem, and further- 
more, that this excessive production of gb'cocoll need not be ac- 
compamed bj' anj^ endence of an increased cleavage of anj’’ other 
protem radicals 

The question which this fact suggests, is whether or not the hj"- 
droljdic process by which glycocoU is formed in vitro is comparable 
to the catabolic process mvohed m its production m the bodj' 
It seems not It is possible that the hj'droljsis of protem in vivo 
IS far more complex than that occumng in ntro, and that more 
than 3 per cent of glycocoU exists preformed m tissue protein 
This would readily explain the mcreased production of glj cocoll 
when benzoic acid is administered It would also explam the 
ongin of glj cocoll in the tissue protems of j oung animals fed on 
protem materials poor m gljcocoU Otherwise we must assume 
that glj cocoll can be sj-nthesized m the bodj’- from stiU simpler 
substances Spiro conceues of the po‘:sibility of sj-nthesis of 
gl} cocoll out of — CH2' — coon and radicals "Whereas 

Parker and Lusk suggest the synthesis of gly cocoU from CH3COOH 
and RHj Wiechowski argues against such a process on the basis 
that glj cocoll is eliminated in large amounts in stan ation Our 
own w ork leads us indirectlj to the belief, how ei er, that such a 
process IS not at all unlikelj and maj be responsible at least m 
part, for the excessu e gh cocoll production on feedmg benzoic acid 
The third and other possibility of the origin of gh cocoll is the 
decomposition of higher amino-acids under the influence of ben- 



3/0 


Formation of GlycocoII m the Body 

70K acid ciiculnling in the blood Magnus-Le\y showed that 
boiifo} 1-Ioucmc can he converted into hippimc acid Though 
tins eNiioiimont in itself is not absolutely conclusive, it argues m 
fa'uoi of tlio foiination of glycocoll fiom higher ammo-acids through 
a I)llnlar^ benroj h/ation 

It seems not unlikely from the data obtained m our uork that 
gljcocoll can be split off from the tissue proteins independently 
of the destruction of the rest of the protein molecule, when the 
needs of tlio body require it The possibility of such dissociation 
IS not without analogj'’ Hoivcver, in all Icnoivn conditions in 
w Inch leucine apjicars in the urine, we find other endences of dis- 
turbed and usually' increased protein destruction In phosphorus 
]joisonmg and in acute ymllow' atrophy’- of the liver, the presence of 
leucine in the urine is associated mth other ammo-acids and other 
piotcin radicals, but in the increased pioduction of glyeocoU as 
hippuric acid on feeding benzoic acid, -n e find no sufficient endence 
of any' inci eased or abnormal protein destruction In other w ords, 
the production of gly'-cocoll is not a toxic process and is comparable 
m all respects, to the production of cy'stme — a substance winch 
endcntly' can occur in the urine mthout being associated mth 
any other manifestations of disturbed protein metabolism 

CONCLUSIONS 

To summaiize briefly'-, oui results indicate 

1 That no “reserve” of glycocoll exists in the animal body 
Tlie production of glycocoll is progiessive, depending, to a certain 
extent, upon the amount of benzoic acid present in the circulation 

2 That benzoic acid does not exert a truly toxic action on pro- 
tein metabolism, that is to say'-, it does not cause a massive decom- 
position of proteid 

3 That the action of benzoic acid in the production of hippuric 
acid m the body is a selective one, it combines dnectly mtli gly- 
cocoll, or -with such other radicals wdiich can ultimately be changed 
mto glycocoll The process here involved may be a destructive 
one of higher amino-acids, or a constructive one from simpler 
bodies In other lespects the piotein metabolism progresses 
normally 
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4 That other protein radicals are unaffected by benzoic acid, 
beyond that necessaiy to replace the glj cocoll eliminated as hip- 
punc acid 

5 That the spanng effect of carbohydrates on proteids is affected 
by removmg the necessity for the production of a “ dynamic quota” 
from the gbmogenetic radicals of proteid 

6 In carbohydrate feedmg the extra mtrogen ebmmated m 
consequence of benzoic acid admmistration, is entirely m the form 
of hippunc acid, so that the production of glj cocoll for the forma- 
tion of hippunc acid can occur independently of the rest of protein 
metabohsm 

TVe desire to thank Dr Theodore Kuttner, of this Laboratory, 
for his assistance m some of the analytical work 




ON A METHOD FOR THE PREPARATION OF 
NUCLEIC ACID 

Bt AilOS Vr PETERS 

{From the Biochemical Laboratory of the Hanard Medical School ) 
(Received for pubbcation, October 16, 1911 ) 

This method differs from others m the use of banum hj droxide 
as the alkali ivhich (mth sodium chlonde) is used for the extrac- 
tion of the tissue The alkalmity thus obtamed is sufficient to 
decompose the nucleoproteins The distmctive advantage of the 
method is the comparative msolubditj* of the banum compounds 
formed with constituents of the tissue So httle of the protem 
enters mto solution that a separate precipitation of the protems 
IS not made This is a necessary prelunmarj m all other methods 
and its omission here avoids a troublesome filtration The banum 
hydroxide-sodium chlonde solution dissolves nucleic acid freel}' 
Tests show that both barium and proteins are effectuall}' excluded 
from the final product Guanj he acid owmg to its ready solubihtj' 
m dilute hj drochlonc acid is also absent 

I THE METHOD OF PREPARATION 

The tissue is passed through a meat grmder and mixed with a 
half-saturated solution of common salt m the proportion of one to 
tv\o Powdered banum hjdroxide, sufficient to mamtam a dis- 
tmctlj alkalme reaction to btmus paper, is added at mtervals while 
heating The amount of banum hydroxide necessarj' for this 
purpose was found to range from 0 5 to 1 0 per cent of the weight 
of the moist tissue if taken fresh One kilo of fresh cow’s fiver 
reqmred about 5 grams, of fresh pig’s fiver, 7 5 grams An older 
but still edible con ’s fix er required 7 grams but a kdo of the same 
fixer after keepmg txxentj-four hours at 38-40° G required 
24 grams An mdiscmmnate excess of banum hjdroxide was 
used m the earlier expenments but this results m a modification 
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of i hp ])i o])ei tics of the nucleic acid mien the boiling point has 
been rc.iclicd, but not sooner, the concentration of salt is reduced 
to about onc-tluid saturation by the addition of distilled \uter 
Alkalinit'^ to litmus paper must be maintained Heating (just 
bcIo^N boiling) IS continued for a half-hour 'ttuthout replacing evap- 
oi.itcd i\atei The hot mixture is stramed through a filtering 
bag or filtered by suction through a Buchner funnel in order to 
icmo\ c the greater part of the undissolved material 
The extract iihcn thoroughly cold is sufficiently acidified mth 
20 per cent hjdiochlonc acid to produce abundant precipitation 
Continuous stirimg is necessary nhilc the acid is being added 
The mixture is shaken or stirred mth some ether to increase the 
flocculation of the precipitate and to facilitate the folloiMng filtra- 
tion It IS filtered through Buchner funnels, (S & S No 597 
filters used double, if necessary) the filter havmg been pre^aously 
moistened mth saturated salt solution If turbid the filtrates 
are returned to the filters Persistent turbidity is obviated bj 
the addition of saturated salt solution The precipitate should 
not remain long in contact mth the acid liqmd but it may be allowed 
to settle before the filtration Washing is not necessaiy but the 
filters should be drained by suction 

The filters -mth precipitates are heated m a porcelain evaporat- 
mg dish mth a solution consistmg of equal volumes of pure satur- 
ated sodium chloride and of normal sodium hydroxide, while con- 
tinuously stirring The filter paper should be dismtegrated by 
stirring but not removed After cooling the mixture six-tenths 
of its volume of 96 per cent alcohol is added and the whole is al- 
lowed to stand a short time It is then filtered through a Buchner 
funnel carrynng a filter (S & S No 597 was used) moistened mth 
alcohol In older to obtain a final product free from heavy im- 
purities this filtrate must be ahsolntely clear If it still shons a 
slight turbidity^ further filtiation usually fails to clear it but if it 
IS allowed to stand over mght in a comcal beakei a perfectly clear 
liquid can then be decanted 

The above treatment dissolves the nucleic acid and leaves 
glycogen and other polysacchandes as an insoluble residue As is 
well Imown,! an alkaline solution of glycogen is readily precipitated 

^ Hoppe-Seyler-Thierfelder JIandb d chem Analyse, A\iQ , P ^22, 
1909 
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by a moderate addition of alcohol and still more so from a solution 
containmg much sodium chloride In the above solution the con- 
centration of sodium chlonde after addmg the alcohol is practicallj 
one-third of saturation The conditions are thus favorable for 
the remoi al of polj sacchandes, onlj a limited quantity of ivhich 
could enter the ongmalbanumhj droxide-1-sodium chlonde extract 
If anj fats and hpoids vrere dissohed m the onginal extract they 
are still present as they have the same solubihtj as nucleic acid 
m the menstrua thus far used The hqmd still gives a strong 
biuret reaction although the bulk of the tissue proteins remamed 
m the residue insoluble m the solution of barium hydroxide plus 
sodium chlonde 

The clear hquid containmg the nucleic acid is now transferred 
to a stoppered separatory funnel Some saturated solution of 
pure sodium chlonde is added and then a laj er of ether from one- 
half to one centimeter m depth Twenty per cent h 3 'drochlonc 
acid IS then added to precipitate the nucleic acid The funnel is 
thoroughly shaken and allowed to stand a few nunutes If the 
quantitj’’ of ether and of sodium chlonde is sufficient the nucleic 
acid mil be earned mechamcallj'- to the top m the ethereal laj er 
If the separation mto two laj ers does not occur readilj more solu- 
tion of sodium chlonde and more ether are added and the shakmg 
IS repeated The lower laj er of hqmd is withdrawn and discarded 
The mixture of ether and nucleic acid remammg m the funnel is 
washed out of it mth 60 per cent alcohol and is transferred to a 
corneal beaker A small Buchner funnel is prepared with two 
filters, the lower one bemg an S & S No 589 and the upper one 
a hardened filter Thej^ are first moistened with strong alcohol, 
then the ethereal lajer is poured on from the beaker and finally' 
the 60 per cent alcoholic mixture contammg most of the nucleic 
acid precipitate The precipitate on the filter is w ashed success- 
n ely mth 60 per cent alcohol, strong alcohol and finallj with drj' 
ether As long as the hqmd carrj-mg the precipitate consists chiefly 
of ether or alcohol the filter paper will not become stopped If the 
first filtrate that runs through turbid is returned the filter will 
soon return all the precipitate A hght white and porous powder 
should remam on the ffiter It should be transferred to a wide 
flat-bottomed dish which is placed m a desiccator o\er sulphuric 
acid in Tacuo If the lajer of nucleic acid on the filter paper is 
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gelatinous and sticky the above processes by which water and salt 
are removed have not been thoroughly performed The product 
was always kept several hours m the desiccator before it was 
weighed for analytical purposes 
The “funnel process” described above is an essential feature of 
this method The substitution of simple filtration for it results 
in a poorer product as shown by analysis The separation of the 
nucleic acid by means of the separatory funnel offers less favorable 
conditions foi the adsorption of foreign substances by the floccu- 
lent nucleic acid The i ejection of the loiver la3’^er serves the im- 
portant pui poses of removmg most of the sodium chloride, all 
other impurities that are not precipitated by the acid in the pres- 
ence of salt, and also the substances which give the biuret reaction 
These lattei are a source of much difficulty in the preparation of 
pure nucleic acid and they are here separated bj’’ means of their 
ready solubility m dilute alcohol m the presence of sodium chlonde 
The fats and lipoids which have accompanied the nucleic acid 
from the beginning are still held in solution by the alcohol-ether 
and are removed in the final filtiation and wmshing 

In Older that the method maj'' yield the purest product as judged 
by the content of phosphoric acid the sample of nucleic acid first 
obtained should be subjected to a repetition of part of the above 
procedure This second treatment may begin mth the solution 
of the specimen m sodium h^'^drovide plus sodium chloride as pre- 
viously described 

The method of extracting the original tissue with barium hydrox- 
ide plus sodium chloride is practically quantitative if the first 
solid lesidue is heated a second time with half saturated salt solu- 
tion and a little barium hj'droxide Further repetitions of the 
extraction carry substances into solution but wdien the “funnel 
process” is reached show’’ practically no nucleic acid 

II THE IDENTITl OF THE SUBSTANCE 

In the de^ elopment of this method the peicentage of phosphorus 
in the nucleic acid obtained by an} gi^on procedure was regan ed 
as an important criterion of its success In the followang table 
are given the results of determinations of phosphorus and nitro- 
gen m specimens of nucleic acid obtained after the met loc 



Amos W Peters 


377 


been de\ eloped as abo% e descnbed The nitrogen n as determined 
bj the Kjeldahl method, the phosphorus b> the volumctnc method 
of A Neumann ^ 


Determinnhons of Phosphorus and Ntirogen in A ucleic Acids 


I 


A'licfcic acid from Iner of pig 


^0 

wnaHT or 

VCCLXIC 

ACID 

\TXIGBT or 
THOSPHORCS 

PER CENT or 1 
PHOSPHORCS 1 

1 

WETaHTorl, 
TCEEIC j 
ACID j 

vrEiGHT or 

NTTBOGEN ’ 

PERCENT 

i or 

NITBOOE.V 


mgms i 

mgma 1 

, i 

msru j 


1 

1 

42 (4) 

31 S 

2 66 1 

8 36 1 

, j 


1 

48 (1) 

33 3 

2 84 

8 51 

[ 57 8 ! 

i 8 06 

1 13 94 

48(2) 

34 8 


8S2 

j 83 5 

12 76 

j 15 28 


II ^htclelc acid from liter of cow 


43(1) 

43 2 , 

3 55 

8 21 § 

■ 


47(1) 

31 5 , 

2 60 

8 26 




32 7 i 

2 71 

8 30 



51(1) 

1 30 6 

2 83 

9 32 j, 85 0 

mm 

15 05 


III Vucleic acid from liter of cat 


58 

1 24 6 

2 02 

8 19 ! 




Xucleic and from spleen of pig 



54 i 


1 76 6 

11 24 

14 67 


The pig and coir livers and the spleen used in obtaining the above data 
vrere receued vathin twentj-four hours after slaughtering and had been 
kept in refngeration during that tune However, the cow hver Xo 50 
(2) was divided into two portions, the first of which was unmediatelj used 
but thesecond portion, which was numbered 51 (1) was kept in a warm room 
for twent j -four hours at a temperature of 38° to 40° C It then smelled 
strongh acid and 24 grams of banum hjdro-ade were reqmredtokeepthe 
tissue alkaline dunng evtraction, the first portion having reqmred onlj 8 
grams of banum hj dronde The weight of hver or spleen used in one oper- 
ation varied from 1 to 10 kgm Ko 58 was a portion of the nucleic acid 
obtained from ele\ en cats, the fresh hvers weighing not less than 1100 grams 


I A Xeumann Einfache Veraschungsmethode (Sauregemisch-Ver- 
aschung), ZeiiscJir / physiol Chem , xxxvu, pp 115-142, 1902-03, Xachtrage 
zur Sauregemisch-Veraschung und zu den an diese angeknupften Bestim- 
mungsmethoden, Zeitschr f physiol Chem , vim, pp 32-36, 1904-05 
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The results show a considerable degree of uniformity indicating 
an aveiage 8-9 per cent of phosphorus and 1^15 per cent of nitres 
gen These numbers were obtained upon small weights of nucleic 
acid and consequently the figures of the table are accurate only to 
nutlim certain limits of error They are presented mainly as indi- 
cation of the identity and the quahty of the nucleic acid Besides 
the quantitative determinations of phosphorus and mtrogen qual- 
itative e\ammation was made with positive result for the charac- 
teristic constituents of nucleic acid ^ 

The final product could alwaj'^s be purified so that it failed to 
give the biuret reaction This reaction was performed wth copper 
chloride instead of sulphate The former salt gives a much more 
sensitive reaction Theie were occasionally specimens of nucleic 
acid that were sufficiently protein-free not to give the reaction 
with the sulphate but which gave a positive result vnth the chlor- 
ide Furthermore the reaction was performed by keeping the 
alkaline solution of nucleic acid and the copper chloride solution 
in adjacent strata for the examination of a biuret ring and finally 
mixing the whole To detect colors the test tube (of about 1 5 
cm m diameter) was placed in the hollow of a white porcelain evap- 
oratmg dish held vertically on a level with the eye, the observer 
having his back towaids the source of da3dight 

The carbohydrate reactions wnth phloroglucm and orcin- vere 
obtained with all the specimens tested mth these reagents The 
characteristic colois appeared without a precipitate before the 
addition of amyl alcohol and the latter agent readily extracted the 
coloiing matter According to Steudel,^ m the case of nucleic 
acid the coloring matter should not be extractable bj'’ amjd alcohol 
It may be added that by hydrolj'^sis no substance having a reduc- 
ing action upon alkahne copper solution could be obtained although 
the extracts of liver m the first parts of the procedure had reducing 
pover The absence of reducing power from the final product 
agrees vuth the observations of Bang^ and Kossel on nucleic acid 

1 Hoppe-Sej'ler-Tliierfelder Handb d chem , S‘° Aufl , §§436, 439 

* Hoppe-Seyler-Thierfeldcr Handbvchd chem AiiaZysc, S Aufl , §§ 108, 

439 with footnote ^ rr , i 

5 H Steudel fiber die Kolehydratgruppe in der Ivucleinsaure, Zexhehr 

f physiol Chem , hi, p 215 , , , ^ 

<Ivar Bang Chemische Untersuchungen der bmphatischen Orgme, 

Hofmei’’ter’s Bcitrage, n, p 341, 1904 
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"With reference to the persistence of banum m the final product 
it was obsened that after hydrolj-sis mth sulphunc and nitnc 
acids as in Neumann’s method for the a olumetnc detemunation of 
phosphorus, or after hjdroljsis with sulphunc acid alone, not the 
least trace of precipitate appeared upon dilution of the hydrol}7cd 
hquid Chlonne also was absent from the boded mtnc acid 
solution of the nucleic acid 

This method was dea eloped by means of eKpenments on ha er 
This IS unfavorable matenal for the production of pure nucleic 
acid on account of the large proporfaon of carbohj drate and other 
foreign substances Haanng found it workable on this tissue no 
difficulty was found m its apphcation to other glands, e g , spleen, 
that are more commonly used as soiuces of nucleic acid After 
the numerous experiments that were found necessar}’ to dev elop 
the method to a stage of usefulness no time remained for the deter- 
mination of the approaomate percentage 5 ield of nucleic acid for 
a given weight of tissue A rough estimation would place this 
yield at less than one-tenth per cent of the moist weight 
With much pleasure and gratitude I acknowledge my great 
obhgation to Professor Otto Fohn for the use of laboratory facili- 
ties and materials and for his kmdly encouragement of this work 
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rNTRODUCTIOV 

The pnmarj' aim m these expenments was to determine more 
definitely the factors concerned m the mamtenance of the normal 
concentration of the lipase of the blood and the Ijmphs In the 
work on blood and Ijmph diastases m this laboratorj' by Carlson 
and his associates the results, at least for the dog, pomt to the 
importance of the mtemal secretion of the pancreas m the mam- 
tenance of the normal diastase concentration ^ In \new of these 
facts a remvestigation of the relation of the blood and Ijmph lipase 
to the external and mtemal secretions of the pancreas seemed 
urgent and this was undertaken at Professor Carlson’s suggestion 
There is no doubt that imder certam experimental conditions 
pancreatic hpase, as well as pancreatic amjlopsm, enters the 
blood Nevertheless it would seem from the present work that 
the factors go\emmg the diastase and lipase concentrations m 
the blood are either different or differently adjusted, for, under 
experimental conditions, especially m relation to the pancreas, 
the lipase concentration is not subjected to the wide ^a^atlons 
that occur in the diastases 

I LITERATUBE 

The work on the hpases of the body tissues is reviewed by Conn- 
stem- and especially by C Oppenheuner ^ 

' Carlson and Luckhardt Amer Joum of Physiol , xxui, p 148, 1903, 
Otten and Gallolva^ ibid , xxn, p 347, 1910, Gould and Carlson’ ibid ’ 
'oax, 1911 

• Connstem Ergeb d Physiol , ui, p l&i, 1904 

> Oppenheuner Die Fermenie, 1909 
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The nature of the serolipase It is to be noted that most of the 
■woik on blood lipases has been -with artificial esters and not 
true fats Even Hanriot^ sa3^s, that fats, while acted upon bj 
the blood, are not suited for the study of h3''drol3'’sis because of 
their msolubilit3’- and small amount of cleavage In their place 
he used a fatty acid ester, monobut3Tin This is more easil}'- 
emulsified and split by the blood serum and therefore better adapted 
for following the course of h3''drolysis Kastle and Loevenhart* 
and Loevenhart® also laid stress upon the similarity of the action 
of lipase upon eth3dbut3rrate and fats 
Following this a heated discussion arose concerning the lipases 
of the serum Arthus^ and Do3'-en and Morel® claim that blood 
serum does not contam a true lipase but only esterases of the loi\er 
fatty acids In 1904 Bitnii-Schljachto® found that serolipase 
splits artificial fats as easily as monobut3um It may be granted 
that esterases resemble enzymes in general, but the question now 
arises whether or not these are identical with true lipases The 
facts favormg their identit3'' i^^ay be stated as follows 

1 Fats and ethereal salts are analogous chemically and are 
hydrolyzed m the same way 

2 Both have been s3Tithesized by lipase Thus, ICastIc and 
Loevenhart,^ Hanriot,® Acree and Hinkins,® and Bodenstein,'° 
have formed various esters from their corresponding constituents 
The s3mthesis of both natural and higher fats was demonstrated 
b3'’ Pottevin 

3 Pancreatic juice splits both fats and esters Hewlett^ 

^ Hanriot Compt rend acad d sci , cwni, p 753, 1S96 
^ Kastle and Loevenhart Amer Chern Journ, wiv’', p 491, 1900 
® Loevenhart Amer J oiirn of Physiol , vi, p 331, 1902 
^ Arthus Journ physiol et path , iv, p 455, 1902 
® Do 3 ''en and Morel Compt rend soc hiol , Iv, p CS2, Journ physio 
et path , IV , 1902 

s Bitnu-Schljachto St Petersburg Diss , 1904, cited from Biochcm 
Cenlralhl , iii, p 24, 1904 

’’ Kastle and Loevenhart Loc cit 

* Hanriot Compt rend acad d sci , cxwii, p 212, 1900 
“ Acree and Hinkins Amer Chem Journ ,\K\n\, p 370,1002 
J®Bodcnstein Zeitschr / Eleclrochem , mi, p 005, 1905 
** Pottevun Ann Inst Pasteur, v\, p 901, 1900 
‘5 Hewlett, Journ Med Research, m, p 377, 1904 
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sho-sved that, after pancreatitis, hpases are absorbed bj the blood 
and excreted in the unne rvhere thej are capable of actinpj upon 
both ethjlbutjTate and ohve oil 

4 These foregoing comparisons are based upon the titrations 
of the acid formed m hj drolj sis Saxl*- does not tlunk this method 
admits of quantitative comparisons of lipase ^ alues In liis n ork 
he boiled and filtered his tests just before titration By this 
means the coagulable protems are remo\ ed, the presence of vhich, 
he sajs, giies errors m actual lipase \ alues Accordmg to his 
results fats are not spht at all bj the i anous bodj fluids, rvhile 
esters are affected only to a shght degree, much less than nhen 
the tests are not boiled Saxi’s results, hov,ever, are open to tvro 
objections 

(a) The hpase is inhibited through the addition of too much 
toluol (Oppenheuner) - A concentration of 6 per cent was used 
where Kastle and Loevenhart employed 2 per cent 

(b) Boilmg dmrmishes the amount of total acid present, for, 
if to diluted serum a known amount of butjTic acid be added, the 
solution divided mto two equal parts and one boiled and fil- 
tered, the latter loses a share of its acidity as compared with the 
unboiled control This m turn titrates its full acid content plus 
the ongmal acidity The objection, that the potential acidity of 
these coagulable proteins present mterferes with the titration of 
the hydrolyzed acid, may be met by neutralizmg the tests imme- 
diately before mcubation 

Quite recently a new method was mtroduced m which the amount 
of zymoljde remainmg after a given tune of mcubation was deter- 
mmed bj the change of the solution tension of the mixture (Bona 
and hlichaehs) ’ Serum of horses, cats, sheep and cattle was 
found to hai e similar action upon both monobutjTm and tnbu- 
tynn 

From the analogies above mentioned there seems to be no doubt 
that the esterases are true lipases and that then action is quali- 
tatively duectlj apphcable to the hj drolysis of natural fats 

The source of the blood hpase Hannot* was the first to mves- 

* SaxI Biochcm Zcitschr , -oi, p 343, 190S 

- Oppenheuner Loc cil 

® Ilona and Jlichaelis Biochtm Zeitschr , "cna, p 345, 1911 

* Hannot Compl rend acad set , exxm, p S03, 1896 



3^4 The Souice of the Serolipase 

tigatc the origin of serolipase After extirpation of the pancreas 
in a dog lie found on the follownng daj'- the actmty of the serum 
inci eased to three tunes the normal However, an autopsj^ shov ed 
that two jiieces of the gland still remained and hence the results is 
not conclusive Later, he proved* that the lipases of the pancreas 
and serum act differently in their speeds of hydrolysis (a) mth 
pi Gvious neutralization b}'’ sodium carbonate, and (b) at different 
tcmjieratures ( 15 ° and 42 °) In 1902 Loevenliart" pointed out 
similar and other cliff eiences between those of liver and pancieatic 
extracts and concluded that on the one hand the lipases of the blood, 
liver and kidne3’’s are alike, while on the other hand the lipases 
of the pancreas and remainmg tissues are the same Tvo vears 
later Bitnn-Schljachto^ found that lipases of bone marrov and 
serum acted differentl}" 

That the lipase of the serum does not come from the destruc- 
tion of the leucocjdes on drawung the blood was demonstrated by 
Hanriot,^ who found plasma and serum possessed the same lipo- 
154110 activit}'' The most recent work found in the literature on 
lipase in relation to the pancreas is by Hewlett^ who points out 
that, in lesions of this organ, lipase passes into the blood and is 
excreted b}”- the kidneys 


II METHODS 

I Pi eparaiion of the senim Dogs were bled from the exter- 
nal saphenous vem or the heart The blood of rabbits was 
obtamed by cutting the marginal vein of an ear That of pigs v. as 
taken from the ear or the tail All blood was defibrmated, cen- 
trifuged one and one-half to two hours and immediatel}’" tested 

^ Method of testing the lipolytic power Since the action of 
serum upon the lower esters, as eth5dbut5’'rate, ma}’^ be taken as 
similar to the action on natural fats, Kastle and Loevenhart s 
method® was tried fiist It was found that lipase in dog s serum 

* Hannot Coinpt rend soc biol , p 77S, 1897 

* Loevenhart Loc cit 

* Bitmi-Schljachto Loc cii 

* Hannot Compt rend acad sci , cwiii, p S53, 1896 

‘ Hewlett Loc cit 

® Kastle and Loevenhart Loc cit 
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IS present m \ erj small amounts so that it became nccessarj to 
increase the extent of hjdroljsis Besides, the serum often con- 
tamed traces of haemoglobm rvhich obscured the end pomt 
Other factors also had to be considered, for, by mcreasmg the 
time element, inhibition of hi drolysis entered m through the accu- 
mulation of end-products Uncertam weather was an obstacle 
and on dark days it became extremelj' difficult to determme the 
end of titration By mcreasmg the i olume of the mixture from 
5 to 25 cc it was found that the color of the haemoglobm was 
practically e limin ated, end-products were kept at a minimum 
dilution and inhibition of the enzyme thereby preiented The 
ethy Ibutyrate was made at a 5 per cent concentration m order to 
keep it maximal Incubation was lengthened to four hours Read- 
mg by sunhght was discarded and a tungsten ffiament used This 
was enclosed in a smtable box m the upper side of which two cir- 
cular openmgs n ere cut and fitted mth white ground glass 
The method finally adopted was as follows 

Into each of three 60 cc Erlenmej er flasks, A, B and C, were introduced 
25 cc of water, 0 5 cc of toluol, andO 1 cc of phenolphthalem (1 per cent), 
the flasks corked, shaken and heated to 37° C One cubic centimeter of serum 
was then added to A and B, respectively , their contents neutrahzed with -sV 
sodium hydroxide and 1 25 cc of ethy Ibutyrate added The flasks were 
tighth corked, thoroughlx shaken a hundred times each to produce a com- 
plete emulsion and immediateh placed in the thermostat To C, 1 cc of 
serum (previously diluted and boiled) was added, the mixture neutralized, 
125 cc of ethy Ibutyrate added, the flask tightly corked, shaken and also 
placed in the incubator Other controls with ethi Ibutyrate and with serum 
respectively were used m many instances to determine any spontaneous 
hy droly sis These were found negligible After four hours the flasks were 
removed, cooled in tap water (4° to 8° C ) and titrated with:^ sodium 
hv droxide In contradiction to the reports of many previous workers the 
boiled controls were not found negative but always gave 0 20 to 0 25 cc 
hv drolv SIS for serum of all ammals tested 
Pure ethv Ibutyrate, neutral to phenolphthalem was used (XIalhnkrodt’s) 
In titration, a 10 cc burette with a capillary dropping pomt, givmg about 
thirtv drops per cubic centimeter, permitted very close titrations to be 
made and, in trying out the accuracv of the method, it was found that 
the results inv anably checked withm 0 05 cc 

S Conduct of experiments Extirpation of the pancreas was 
made in dogs and rabbits Ligation of pancreatic ducts and liga- 
tion of ducts and all pancreatic tissue adjacent to the duodenum 
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were tried in dogs, the aim being to follow at first the immediate 
effect of obsti notion of the external secretion and later the result 
of atiophj’- of the gland It was found, however, that, because of 
the close relation of the pancreas and the duodenum and of the 
numerous adhesions follonung operation, reestablishment of ducts 
tended to occur and degeneration of the gland thus prevented 
To overcome this the middle third of the pancreas was removed 
m two dogs and the cut ends cauterized More favorable condi- 
tions for the study of atrophy of the gland are offered m the rab- 
bit Here the pancreas is not closely associated with the gut 
and so is free from the obstacles presented in the dog 

From Hewlett’s work^ it seems evident that the kidneys in 
pancreatic lesions are a potential factor m lipase excretion Hence 
the effect of elimination of urme secretion was deterimned, both 
separately and with pancreatic variations mentioned m the pre- 
ceding paragiaph The result of increased elimination was also 
mvestigatecl 

Other glands of internal secretion, such as the thyroid, were 
studied m relation to the lipase of the blood under conditions of 
hjTier- and hypo-thyroidism 


in RESULTS 


In the course of the experiments it was found that the daily 
lipolytic power of the serum in normal animals remained remark- 
ably constant Thus dog’s serum showed a variation never 
greater than 0 20 cc , except in the summer when a range of 0 30 
cc sometimes occuired Rabbit’s serum, which has a considerably 


higher lipolytic power, remained very umformand only occasionally 
deviated either wmy That such variations, though small, should 
occui is inevitable, if serohpase aiises from cell lipases and paitic- 
ularly because the concentration of the blood is varied by water 
mgestion and othei factors In the diuresis experiments, where 
physiological salt solution wms given by stomach tube, the 
lytic variation of the serum proved to be largely a matter of blood 


dilution 

Seiohpolytic power m dogs ranged from 0 30 to 0 50 cc during 
the winter among some £fty animals exammed, except m tw o whic 


^ Hewlett hoc cii 
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gave 0 SO and 1 00 cc respectn elj The range during the summer 
months vas found to be at a higher level (0 40 to 0 80 cc ) E\ en 
the same dogs shoved an mcrease m hot veathep. The concen- 
tration of lipase m rabbit’s serum vas not so constant for the spe- 
cies but ^a^ed from 0 75 to 4 00 cc among mdmduals Pig’s, 
sheep and goat’s serum ga\ e onlj- a mere trace of lipase activity 
On the other hand birds, such as the duck and the pigeon, shoved 
tremendous actmtj , the duck testmg over 11 00 cc and the 
pigeon, 7 00 cc 


1 Pancreafedomy 


The pancreas vas extu^iated m nme dogs and one rabbit In 
all the dogs the hpase cun^e shoved no change, vhile m the rabbit 
only a temporarj- fall occurred The diastases m many of the 
dogs vere also foUoved and, to shov the surprising contrast be- 
tveen the hpase and diastases of the serum under these condi- 
tions, the follomng tj'pical experiment is given m detail 


TABLE I 

Expcmnent 3 Dog Pancreas remoied February S7, ISll 


DArC 1 

j 


DLiSTATic Acrmrrt 

LlPOLmC ACllttll* 

Februarj 23 j 

0 33 

1 45 

Februarj 25 

0 35 


Februan 28 1 

0 40 


March 3 ] 

0 37 

2 25 

March 9 

0 30 

3 30 

April 16 i 

0 30 

4 30 


^ *on tables the Upolytlc power 1 , opreaed ta cable centimeters of 

Naon required to neutrallre the acid produced In four hours. ^ 

t In this and the following tables the dhjtatlc power Is given in hour, Ti, a , ^ 
tested b> Mr Gould One cubic centimeter of ..ro.., ™ j The diastases were 

solution the mixture Lept at 37 C and tested for th Hi ^ ^ ^ of 1 Per cent starch 
bj means of a weak l-CT solo lorn 
tested b> Dr 1 an de Er^ fnVm tt^^ 

Starch solution and a 0 Oo pc- cent I K1 solutio added to 10 cc of 1 per cent 

erj throdeitrtn stage which was taken as the en^nolnt <fltappeaiance of the 

Indicate dlmlnuuon In the concentration of theEenim*!li ^ “pressed the higher figures 
power thehlgher bEures Indlcat™^^ UPoIytlc 
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TABLE II 


Stmmary of 'pancreatectomy experiments 


E*^rEniMEvr 

^OnMAL 

APTEB PANCHEATECTOIIT 


Llpo- 
Ij tlo 
powpr 

Dlas- 

tntlc 

power 

Diy* 

1 

Lipolytic power 

Diastatic power 

Kongo In cubic 
centimeters 

A\ er- 
ngo 

Eango In hour® 

A\ er- 
ngo 

1 

Dog 

4-2 

0 35 

1 40 

I 1-10 

0 3S-0 45 

0 41 

3 OCH: 30 

3 30 

2 

Dog 

4-2 

0 34 

1 45 

1-17 

0 30-0 40 

0 34 

2 25-4 30 

3 15 

3 

Dog 

1 

0 50 

3 10 

1-6 

0 40-0 55 

0 47 

4 30-5 30 

5 00 

4 

Dog 

1 

0 45 

1 05 

1-2 

0 47-0 60 

0 53 

4 00^ 10 

4 00 

5 

Dog 

1 

0 35 

2 00 

2 


0 80 


5 00 

6 

Dog 




14 


0 57 



7 

Dog 




7 


0 45 



8 

Dog 

6-1 

0 45 


2-7 

0 45-0 55 

0 50 



9 

Dog 




2-9 

0 40-0 55 

0 50 







/ 

2-5 

0 65-0 70 

0 68 



10 

Rabbit 

11-1 

1 00 

\ 

11-25 

0 90-0 95 

0 95 




• The fieurca In these columna give the doj-s before and after the operations, on rrhlch the teats 


■wore made 


2 Ligation of the 'pancreatic ducts and stimulation of the pancreas 

Attempts to vary the lipolytic power of the blood by cutting off 
the external excretion were made in mne dogs These experi- 
ments consisted in (1) tying off the pancreatic ducts, (2) 
the pancreatic ducts and tissue between the pancreas and the u - 
denum, (3) extirpating the middle third of the ^ 

seven of these animals the diastases were also tested and ti e 
also show the typical rise m the diastatic curve following obstruc- 
tion of the pancreatic secretion The lipase concentration a 
will be seen from the following representative protocol re^ j 
normal Stimulation of the pancreas by feeding also produccu 

"t e^“mtts‘ll and 15 to 17, the object was to study tlie effect 
of atronhv for, if the pancreas is the mam source o , , 
hpase, degeneration of the gland ought to 

corresponding decrease in the serohpase rppqtab- 

before, only partial atrophy vras ^ible through the 

hshment of the external secretion ' -„bbit (pan- 

kLdness of Professor Bensley, to test the blood of a rabbit (pa 
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TVBLE ni 


Detail of Experiment 12 Dog Ligation of pancreatic duels, March 28, 1911 



DATE 

j UPOLTTIC ! 

POWEE j 

EEMJLEES 

"March 23 


0 37 1 


March 27 


, 0 35 


March 28, 

Sam 

1 0 39 i 

Ligation of ducts 1 00 p m 

March 29, 

12 m 

0 51 j 

Three hours after feeding 

March 30, 

1pm 

1 0 47 1 

Three and one-haK hours after 




feedmg 

March 31, 

10 a m 

1 0 40 i 

Three and one-half hours be- 



1 

fore feeding 

March 31, 

3pm 

1 0 41 

, Three and one-half hours after 




1 feeding 

April 1, 

9am 

0 40 

Three and one half-hours be- 



1 

fore feeding 

\pnl 4, 

10 a m 

1 0 36 1 

Three and one-half hours be- 



1 

fore feeding 

Apnl 4, 

3pm 

! ® 

1 Four hours after feeding 


TABLE IV 


Summary of experiments on obstruction of the external secretion of the pancreas 




NORMAL 

1 

ATTrs opebahon 

— 

EXPERI- 

MENT 

Day 1 

1 

Lipolytic po-K-er 

Dla^ 1 
tatle 

1 , 

1 

1 Lipolytic 

1 

perver 

Dlastatlc poTrer 
hours 


1 

Range 

Aver- 
age 1 

tn 

hours 1 

Range 

Aver- 

age 

Range 

Aver- 

age 


11 * 

12 

13 


i I I 

I 5-1 p 35-0 37| 0 36 
I 2-1 p 37-0 4oJ 0 39 


2 00 i', 7-29 ;o 30-0 36' 0 32 >0 15-2 15 1 15 


' 1-7 |o 36-0 51j 0 42 
1-7 |0 43-0 5lJ 0 49 


Ligation of pancreatic ducts and tissue adjacent the duodenum 


14 

15* 

16* 

17* 


10-1 p 35-0 38 


0 37 


2 00 1 

1 50 17-3S |0 35-0 41 
, 42 


I .V iKT 

I O 27- 


0 35 

0 37 ;o 12-0 45 
0 32 


0 10 

0 25 

1 30 


2 00 , 0-39 jo 27-0 36 0 32 0 50-1 4o 1 15 
~ P 27-0 42 0 35 0 12-1 25 ! 1 15 


IS ! 1 1 

19 1 


0 45 

0 50 

1 50 3-7 ' 
[2 00 . 3 



1 1 I J 

0 37-0 57i 0 47 0 07-0 07- 

1 l°«i ! 

ana 

i ~ 

1 0 07 

1 0 10 

■ Lou^ldi: jWc Mronlisr o' tke jnooreM st mutop^ ’ 
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crcatic duct ligated August 27, 1909) the autopsy of which (]\lay 
2, 1911) showed complete atrophy of the pancreas except a very 
small piece, about 3 mm m diameter, which apparently had regen- 
erated from the end of the duct close to the mtestme Several 
duplicate tests of the serum invariably gave a hpohdic power of 
fiom 2 75 to 2 85 cc Serum of a normal rabbit tested on the fol- 
lowing daj'’ titrated 2 45 cc Other normal rabbits were tested 
for several consecutive da3'’s m June, and, while the values varied 
between the individuals, they remained very constant for each 
animal 


nADBIT NUMBER 

1 

0 

3 

, 1 

4 

1 

^ 1 

1 ^ 

1 7 


D 

1 

10 

u 

1 

Lipolytic pow er j 


B 


1 25 




It IS seen that partial atroph}'- of the pancreas is not followed 
by any change m the lipoljdic power of the serum And the rab- 
bit, with almost complete atrophy of the gland, certainly showed 
little or no decrease m the serolipase 

S Ligahon of the renal arteries 

The results of the ten experiments of ligation of the renal arte- 
ries are summarized in Table V It wall be noticed that, in one 
case of simple ligation of renal arteries (experiment 22), and m 
both experiments 12 and 13, where the renal arteries were tied oS 
one week after occlusion of the pancreatic ducts, no larger and 
definite change in the serolipase followed In all of the other 
experiments there resulted an immediate increase which gradually 
fell but usually remained above normal and rose agam shortly 
before death This curve appears to be independent of and is 
not materially altered by simultaneous pancreatic lesions, neither 
does the rise necessarily follow simple renal arter}’’ ligation 

4 Influence of ether 

In order to elimmate the possibility of the anaesthetic being a 
factor in the renal artery experiments, two dogs were etherized 
for two hours and blood drawn before, after and every 30 minu es 
during the anaesthesia The serum of both dogs showed Iipasc 
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T4BLE V 

Limlxon of renal arteries xcith and without experimental pancreatic lesions 

Dogs 


BCrOKE LIGATIO 

XTTZT UOiTION 

Dar 1 

Lipolytic power 

1 

1 TT 1 

1 Hour j 

Llpolj-irc power 







j Range j 

1 Axeiage 

1 

Range 

1 A\ erago 


Ligation of renal arteries 


20 

' 4-1 

0 37-0 45 

0 40 

2 


0 95 




17-27 

0 70-0 50 

0 60 


1 

1 



43-^7 

0 GO-O SO 

0 65 

21 

3-1 1 

0 45-0 55 

0 50 

2 


0 55 


' 1 



17 


1 70 


1 1 



21-45 

1 1 20-0 95 

1 10 

22 

1 7-1 ’ 

j 0 40-0 65 

0 51 

i 2-52 

0 60-0 45 

0 45 

23 

1 &-1 

0 39-0 50 

0 42 

1 


1 60 





6 


1 10 


1 

1 


S-53 

0 60-0 70 

0 65 


Ligation of renal arteries 7 days after ligation of the pancreatic ducts 


12 

( 

I 12-1 

0 35-0 51 

1 

0 40 i 

2-63 

[ 0 40-0 57 

0 49 

13 

1 

0 37-0 54 

0 47 

3-69 

1 

0 47-0 52 

0 4S 


Ligation of renal arteries and pancreatic ducts 


24 2S-3 

0 40-0 56 ' 0 46 

3 


0 92 


1 

1 1 

17-21 

0 62-0 65 

0 65 


i 1 

43-47 

0 94-0 97 ! 

0 95 

25 22-1 

1 0 32-0 40 1 0 37 

0 — s 

1 30-1 44 

1 1 37 


1 1 

11 


1 1 15 


! 1 

32-56 

0 70-0 90 

j 0 77 


Ligation of renal arteries and pancreatectomy 


26 

! 2S-1 

0 35-0 55 1 0 45 

2-6 

0 80-0 92 

0 86 


> 

\ 

20-29 

1 90-2 30 

2 10 

27 

22-1 

0 34-0 45 1 0 40 

2-6 

0 CO-0 SO 

0 70 



i 

20-29 

1 10-1 CO 

1 20 
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values between 0 44 and 0 50 cc m all tests while the diastases 
also icinainecl noiinal 

6 Diwesis 

Since the concentration of lipase in the serum of dogs was found 
generally to be higher during the hot n eather, a study of the rela- 
tion of the serolipolj'tic pon er to the rate of the lodnej’' and lung 
e\cietion suggested itself The action of increased kidney secre- 
tion vas tiled in a number of dogs The production of pol}aina, 
bj' ligation of the icnal nerves, or by admmistration of diuretics 
of the xanthine gioup, did not piove entirely satisfactory Physi- 
ological salt solution gn'-en b}’- stomach tube is followed by an 
extensive h 3 Ticrsecietion of mine in the most normal wa}’’ possible 
Hovevei, even this method, followed in a series of animals, gave 
but a slight decrease in the lipase concentration of the serum and 
this decrease is exactl}’" parallel to the dilution of the blood A 
t 3 ’-pical experiment of this series is given in Table VI 


TABLE VI 

Effect of dutrcsis on sciohpasc concentration of the dog 


TIME 

BLOOD 

P C PEJl CENT 

NaCl Bol,tr^o^ 

PBIt 09 

r TJRINE 

Red cell count 

l/jpob-tjc 

po^er 




cc 

cc 

CC 


8 00 a m 

4,600,000 

0 45 

850 



8 30 a m 

4,500,000 





9 00 a w 

4,000,000 

0 37 

500 

50 


10 00 a m 

3,600,000 

0 32 

570 

150 

July 25 •• 

11 00 a m 

3,700,000 

0 33 

800 

150 


12 00 m 

3,500,000 

0 28 


550 


1 00 p m 

4,000,000 

0 36 


200 


2 30 p m 

4,000,000 

0 40 


250 


7 00 p m 

4,600,000 

0 37 



July 26 8 00 a m 

4,700,000 

0 41 


300 

July 27 8 00 a m 

not taken 

0 44 I 

i 

not taken 


6 Hyper- and hypo-fhyrmdwn 

Investigation of a large number of normal rabbits showed a 
possible variation between individuals of a concentration of lipase 
of the serum from 0 75 to A 00 cc A rabbit which had died from 
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forced thjToid feedmg sho\sed a lipase \alue of 0 55 cc Fne 
others kifled after two weeks of foreed thjToid feeding gaie the 
follomng 1 allies 0 95 cc , 0 70 cc , 1 65 cc , 1 90 cc , and 1 i5 cc 
respectneh It is evident that “hj-perthjToidism,’' as produced 
b> forced thjvoid feeding, does not larj' the serolipoljdic power 
at least bejond the normal lariation of this species Juscht- 
schenko' claims that in the dog hj-perthiToidism alwajis increases 
the lipase concentration of the blood while hjTDoth 3 TOidism de- 
creases it In this laboratorj' thjTOidectomj^ in three dogs gave 
lipo] 3 *tic figures of 0 35 cc , 0 39 cc and 0 50 cc respective^', with 
blood drawn from 5 to 14 da 3 s after operation These I'alues are 
well withm the hmits of normal mdindual vanation and do not 
confirm the results of the aboie author Indeed, it seems that 
the data in the author’s own paper hardl 3 ]ustif 3 ' the conclusions 
drawn In new of the range of variations of the serohpase m nor- 
mal dogs the small changes, which he obtained, might easil 3 ' be 
explained on the basis of individual i ariation 

7 R6le of the leucocytes 

The relation of the 1600003165 to the production of the blood 
lipase was also detemimed m one dog B3' mjectmg aleuronat 
into one pleural cant3 inflammation ensues and an exudate nch 
in leucoc3les fills both canties The exudate was tested twenty- 
four hours after the mjection The hpo^lic power of this exu- 
date was 0 25 cc as against 0 20 cc of a boded control, whde the 
serum from the same ammal showed no change from the normal 
concentration of 0 35 cc 

rv DISCTJSSIOX OF RESULTS 

As mil be seen from Table II in the senes of experiments on 
pancrcatectom3 m dogs, the diastases of the serum show an abrupt 
decrease m concentration mth little or no return towards the 
normal, vlule the lipase content presents onl3 shght changes that 
arc casil3 accounted for b3 individual and dail3^ variation If 
the pancreas, either directl3 through simple absorption, or mdi- 
rccth b3 mfluencmg other organs through an mtemal secretion, 

* Juschtschenko Biochem Zcitschr , xxv, p 49, 1910 
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JS fin impoitant factor in tlie source of blood lipase, one would be 
justified in sujiposing that on removal of the gland there should 
result a deci ease in the lipoljdic pow^ei of the serum It is possible 
that there is a decreased destruction of the ferment after pancre- 
atectomy, as the narrow' range of its concentration points to a 
delicate mechamsm governing the rate of production and destruc- 
tion or elimination The temporary' fall obtained in the rabbit 
(cvpciimcnt 10) would seem to be due to a decreased production 
in the other tissues of the body owing to the general depression 
which results from the severity of the operation rather than to the 
mere absence of the gland itself 
In the ligation of the pancreatic ducts there is likewise a strik- 
ing contrast betw een the lipase and the diastases As stated before 
the diastases are greatly increased within tw'enty-four hours 
This rise is probably due to absorption from the pancreas The 
gland becomes edematous and absorption results from back pres- 
sure But the lipase curve presents no variations There is no 
doubt that, after ligation, pancreatic lipase is absorbed by the 
blood, for HewdeW found an increase of the lipase in the urine 
under the same experimental conditions Apparently the excess 
of lipase IS excreted as fast as it is absorbed The negative results 
obtained in the stimulation of the pancreas may also be explained 
in the same waj' Amd the fact that partial atrophy of the gland 
in dogs and practically complete atrophy m one rabbit after liga- 
tion IS accompanied by no deviation in the lipase concentration 
of the serum, points to some sort of a compensatory mechanism 
Shutting off lipase elimination through the kidnej', by tieiug 
the renal arteries, m tw'O dogs wuth ligation of pancreatic ducts one 
W’^eek previous, produced no change This may be explained in 
three wmys (1) the pancreatic lipase was no longer absoibed by 
the blood, (2) there was an increased destruction of the ferment 
within the body, (3) the absorbed enzyme w'as stored aw'ay m 
certain tissues 

Autopsy in both dogs showed the pancreas in an edematous 
condition w'hich fact seems to argue against the first explanation 
A comparison, of the ex-peiiments of simple ligation of renal arte- 
ries, and of pancreatic ducts and renal arteries, shows the lipase 


I Hewlett Loc cit 
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cun 63 to be the same and mdicates that, m the latter, the absorp- 
tion of the pancreatic lipase is not significant If, accordmg to 
our second h3’pothesis above, there vras an increased destruction 
of the lipase after its absorption from the pancreas, this same theorj* 
fails to account for the enormous mcrease of serolipase that is 
alike in both sets of experiments The results of hgation of renal 
artenes mth pancreatectomj' also support this conclusion The 
nse IS not due to the ether anaesthesia, for the ether controls are 
negative What seems probable, then, is that neither of the first 
tvro explanations above can account for the results, but, that this 
sudden mcrease m serohpase concentration is due to the hyper- 
actinty of all the tissues m general as a result of mtense stimula- 
tion through the accumulation of toxic metabohc products m the 
blood The gradual decrease, following the maximal nse, would 
represent the lessened cellular activity The fact, that m three 
instances no change followed renal artery ligation, shows that 
accumulation of toxic substances m the blood need not necessanlj' 
increase this actmty of the tissues 
All the results pomt to one conclusion that the concentration 
of the lipase of the serum can not be markedly altered by expen- 
mental vanations m the actmtj’- of smgle organs but onlj" by 
1 anations m the actmties of the tissues m general This means, 

then, that there is a certam equihbnum between the tissues and 
the blood, so far as the hpase is concerned, and the disturbance 
of this balance on either side is followed b3' a tendenc3' towards 
reestablishment But it is endent that the amount of tissue 
hpase IS so vastly greater than the serohpase, that the alteration 
of an5 smgle organ will not appreciabi3’^ affect the concentration of 
the hpase m the serum, smce the remauung tissues can restore 
the cquilibnum without proportionateh' changmg then hpase con- 
centration Indeed, a regulator, so sensitive as is the hpase mech- 
anism, can hardl3' be conceived of maint ainin g such an extreme 
variation of leiels of serohpase concentration, as exists between 
species and e% en between indivnduak of the same giecies, unless 
tissue actmti m general is one of the controUmg factors Thus 
the bird, oxtrcmcl3 actiie and demandmg a high muscular activ- 
iti, has a lugh serohpase concentration, while the goat and the 
sheep, much less actn e and requinng lower tissue actmt3 show 
onh a trace in the hpol3'tic power of the serum 
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It -^ccms probable on the basis of the above hypothesis that, by 
vaijing tlic lipase absorption from a single organ such as occurs 
in the experiments on the pancreas, the lipase concentration of 
the scrum should not be materially affected and that, on the other 
hand, icnal artcrj'’ ligations and operative procedures inaj alter 
the concentiation because the activity of the body cells in general 
are affected 

Attempts to lower the hpohdic poner of the serum bj’’ increased 
elimination in the mine jiroved negative It was found that diu- 
resis, induced bj'' ingestion of ph3’^siological salt solution per os, 
gaA c a small but constant drop paiallelmg the curve of blood dilu- 
tion The lipase excietion, if anj'^ at all, nas too small to be deter- 
mined It IS loiomi that lipase in solution has a stiong tendency 
to be carried dorni with precipitating colloids, and it is probable 
this lipase is looselj'’ combined mth certain proteins and owes 
its stabilitj'- to such combination The lipase, normally present 
in the blood, maj'- be hitched on to the blood proteins and hence 
not ehinmated m normal urine secretion or in diuresis On the 
other hand, follomng pancreatic lesions, an excess of lipase maj 
be absorbed by the blood and excreted in the urine before it has 
become attached to larger colloidal molecules 
Various authors have shown differences in the activity of the 
lipase of serum and that of tissue ex-tracts, especially as regards 
velocitj’" of reaction, leading to the conclusion that the lipases 
differ from one another It is possible that no two lipase extracts 
from different tissues act preciselj'- alilce, and, in view of the work 
reported in this paper, a more likely explanation of these differ- 
ences IS that they are not different lipases but the same lipase 
m different combmation ivith the tissue colloids 

Experiments on the lipolytic power of the serum of dogs in h3'po- 
tlijuioidism gave results mtlun the range of individual i^ariation 
This IS to be expected if, as m the case of the pancreas, serolipase 
IS the product of cellular activity in general and not of any partic- 
ular organ The e\-periment on leucoc3dosis also points to a simi- 
lar conclusion While a serous exudate, produced by aleuronat 
mjection into the pleural cavity, gave some lipase activity, it vas 
less than that of the serum of the dog and may have been the results 
of filtration or secretion 
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It has been suggested that the hpase m the blood is present in 
an mactn e state, and, m expemnental conditions, maj be absorbed 
bj the blood as such, m vrhich case, the negatu e results m changes 
of the serohpase following pancreatic and thjToid lesions might 
be explained on this basis But the blood serum, tested with the 
addition of bile salts as activators in both normal and abnormal 
conditions produced in the course of the experiments, gave no m- 
creased action on ethj IbutjTate 

The mcrease m the hpoljdic power of the serum on verj' hot 
da} s is probably due to concentration of the lipase because of 
dimimshed unne secretion and increased elimmation of water 
from the lungs 

V COKCLTJSIONS 

1 Extirpation of the pancreas m dogs does not alter the con- 
centration of the hpase m the serum beyond the range of mdmdual 
and daily vanations Rabbits, after pancreatectomy, maj show 
a temporar}’’ fall which soon returns to normal 

2 Ligation of all pancreatic ducts as well as all pancreatic 
tissue along the duodenum m dogs gives no deviation from the 
normal lipolj'tic power of the serum 

3 Partial atrophy of the pancreas m dogs and almost complete 
atrophj of the gland in the rabbit produces no change m the sero- 
lipase, nor is there an}' change m the hpase concentration parallel 
with the degree of functional actmt} of the pancreas with or with- 
out the ligation of the pancreatic ducts 

4 (a) On mere ligation of renal arteries in do^, normal or 
followmg prenous ligation of pancreatic ducts, or, (b) on ligation 
of renal artenes simultaneous!} with hgation of the pancreatic 
ducts or with extirpation of the pancreas, the lipase concentra- 
tion of the blood may or ma} not change In case it does, there 
IS 1 rather abrupt mcrease followed b} a gradual fall, which, 
howev er, still remams abov e the normal and may rise agam shortly 
before death The curve is mdependent of the accompan}'mg 
pancreatic lesions and seems to result only from the occlusion of 
the renal artenes 

5 Bile salts do not activate the serohpase 

G Increased unne ehmmation, b} diuresis through admims- 
tration of phv siological salt solution by the stomach tube, results 
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m a slight dccicase of serohpase concentration which is due entire!}' 
to blood dilution 

7 Ethel anaesthesia has no effect on the concentration of the 
sei olipase 

8 Aleuronat, injected into the pleural cavity, gives a serous 
exudate, teeming with leucocjdes, which shows a smaller hpolji;ic 
powei than the serum of the animal This is probably a case of 
filtration or sccietion of the enz 3 Tne from the blood and hunph 

9 "Hj'perthjTOidism,” as produced by forced thjToid feeding, 
in labbits and “h 3 'poth 3 ’Toidism,” in dogs give no variations in 
sei olipase concentration outside the range of the species 

10 TJie above results mdicate that the pancreas and the thy- 
roid are not the mam but only partial source of the blood lipase 
and onl}' m so far as they pla 3 ’' their part in the activity of the tis- 
sues in general Serohpase variations are produced b}' a general 
stimulation or depression of the bod}' cells, while the small changes, 
which experimental lesions of these glands may produce are com- 
pensated for through the delicate mechaishm governing the con- 
centration of the serohpase 

I wish to express my thanks to Professor A J Carlson for his 
assistance and many valuable criticisms and suggestions given 
during the progress of tins work 
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Service ) 

(Received for publication, October 30, 1911 ) 

So far as the tmter is atvare the sjTithetic development of com- 
pounds of the cholme tj-pe has not extended beyond the prepara- 
tion of cholme, the so-called homochohnes (/3 and y), some esters 
of these and certam other denvatives, reference to practically 
all of which IS made m the work of Hunt and Tat eau on the effects 
of such compounds on the blood-pressure ^ 

The relation of the homocholmes, referred to above, to cholme 
Itself IS shown m the foUowmg formulas 

ACE,), ACE,), 

(HO)Nf (HO)Xr (HO)XX 

NDH CHiOH NdH.CHOHCH. ^CH.CH.CHiOH 
Cholme /3-Homocholme T-Homocholme 

the nomenclature bemg based upon the position of the hydroxjd 
m the carbon cham with reference to the mtrogen 
The phj siological actmty of these compounds and their denv- 
atnes as detemuned bj the work reported m BuUetm 73, mdi- 
cates m a general waj that the greatest actmty and least toxicity 
IS realized in those compounds which contam the tnmethjlamme 
nucleus and in which the alcoholic hv droxjl is not further removed 
from the mtrogen than the /3-position That is, the substitution 
of the a- and ^-hjdrogen of the carbon chain b\ alkyl residues, 
etc , rather than the direct extension of the cham, was mdicated 
as the most promismg development from thestandpomt of phjs- 
lological actmtj 

^ 'Hunt, R and Tavcau, R dc XI Hygienic Laboratory Bull Ao 73 
U S Public Ilealth and Xlanne Hospital Service ' 

599 
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Probabl)^ tlie simplest method of nomenclature for such a class 
of compounds would be to consider them as substituted cholmes, 
nith the further designation of a- or /?- according as the substi- 
tuiod group IS linked to the first or second carbon From this 
point of Auew the /3-lioinochohne given above becomes /5-methyI- 
choline 

The first new compound obtained in hne with the suggested 
dev olopment v as a-methjd-choline in the form of its chloride ’ 


Cl 


(CH3)3 

CH CH3OH 
CH3 


a-Methyl-chohne was prepared by a 


somev hat indirect method Allyl chloride was converted, b}" the 
method of Oppenheim,- into the ch]orh}''drme, CH2 CHOH CH-Cl 
The chlorine of this compound was replaced by an acetate 
group according to the method of Henrj^ juelding the acetate, 
CHiCOOCHo CHOH CH3, which in turn was treated mth hydro* 
chlonc acid'* yuelding the chJor-acetate, CH3COO CHs CHCl CHj, 
and this compound on saponification mth drj’' hydrochloric acid 
m absolute methyl alcohol® yielded the desired cblorhydnne, 
CH3.CHCI CH2OH 

The chlorhj'-drine thus obtained was mixed m a Carius tube 
with a calculated quantity (slightly m excess of theory) of a 33 
per cent solution of trunethylamme in absolute alcohol The 
tube vas sealed and the mixtuie heated in a boilmg water bath for 
thiee hours The reaction product nas poured into a distilling 

^ Practically all choline compounds and their derivatives prepared m 
this laboratory have been obtained and used pharmacologically m the form 
of chlorides The preparation of o-methyl-chohne has alreadj been briefly 
described, also its physiological action and that of the acetj 1 deni atii e, 
in a footnote on page 33 of Hygienic Laboratory Bulletin 7S Mention is 
also made there of Bforley’s supposed preparation of it and Ins subseqiien 
correction During the preparation of a-methj 1-choline and its eriv 
atives the writer was associated with II de M Tai ean to whom he owes 
grateful acknowledgment for helpful suggestions 

- Oppenheim Ann d Chem u d Pliarm , 1S67-1SGS, p 367, cl 
» Henry Bull do 1’ Academic Roijal de Belgique, Classc dc Sciences, lJU . 
p 407 

■' Henry Loc cit 
' Henry Ibid , 1906, p 734 
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bulb, the alcohol distilled oS in vacuo, and the residue "vvashed 
several tunes with methyl alcohol (each wash portion bemg dis- 
tilled ofi m vacuo) to remove all excess of tnmethylamme The 
final product thus obtamed consisted of a yellowish, very' viscous 
oil, from which a white ciystallme solid, a-methyl-cholme, gradu- 
ally separated on coolmg This sohd proved to be extremelj 
hygroscopic It was identified and analyzed by’' means of the 
platmum salt 

/ \ 

I \CH CH»OH 1 PtCle The platmum salt of a-methyl- 

V U I- 

cholme was prepared by' dissoh'mg a portion of the above 
descnbed oil or sohd m absolute alcohol and precipitatmg with an 
alcoholic solution of chlorplatuuc acid The resultmg y'ellow pre- 
cipitate proved to be very' nearly' pure platmum salt It is prac- 
tically' insoluble m absolute alcohol but readily soluble m hot water 
from n hich it cry stallizes abundantly' on coolmg The salt decom- 
poses vigorously at about 254° to 255° G ^ 

Analy ses for Pt gave the following results 

I 0 163S gram salt gave 0 0506 gram Pt 
II 0 1515 gram salt gave 0 0160 gram Pt 
III 0 1513 gram salt gave 0 0160 gram Pt 

Calculated for Found 

CiiHkOiXiCIi Pt I ir m 

Pt 30 20 per cent 30 33 per cent 30 36 per cent 30 42 per cent 

I mUH CH;0H I AuCU The gold salt of a-methy 1-cholme 

' CH, ' 


' All ’ melting points” here reported were determined, by the usual capil- 
larj-tube method, mth an Anschutz thermometer and are not corrected 
for emergent stem The rate of heating was not definitelj regulated but 
appro'cimated 3" to 5“ a minute As pointed out in Hygxemc Laboratory 
BiiUchn 70, and as corroborated in this and other work, the decomposition 
point may \arj quite widely with comparatn ely Bhght variation inmamp- 
ulation Results obtained on the above platinum salt vaned, with vary- 
ing procedure, from 24S 5'’-249 5” to 2^°-2b5’‘ but practicallv identical 
results were obtamed with similar procedure 
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It ‘^ccms probable on the basis of the above hj pothesis that, by 
vaiMiig tiio Iijiasc absoiption from a single organ such as occurs 
in the c\pciimonts on tlic pancreas, the lipase concentration of 
the ‘=erum should not be materially affected and that, on the other 
hand, lenal aitcrj ligations and opeiative procedures inaj alter 
tlu' tonccntiation because the actmtj of the body cells in general 
aio aftoeted 

Attempts to lover the lipolytic power of the serum by increased 
elimination in the urine proved negative It was found that diu- 
resis, induced by' ingestion of physiological salt solution per os, 
ga\c a small but constant drop paialleling the curve of blood dilu- 
tion The lipase cxcietion, if any' at all, was too small to be deter- 
mined It IS known that lipase in solution has a strong tendency 
to be carried down vuth precipitating colloids, and it is probable 
this lipase is loosely' combined mth certain proteins and ones 
its stability to such combination The lipase, normally present 
in the blood, may' be hitched on to the blood proteins and hence 
not eliminated m noimal urine secretion or in diuresis On the 
otliei hand, following pancreatic lesions, an excess of lipase may 
be absorbed by' the blood and excieted in the urine before it has 
become attached to larger colloidal molecules 
Vaiious authors have sliomi differences in the activity' of the 
lipase of seium and that of tissue extracts, especially' as regards 
velocity of leaction, leading to the conclusion that the lipases 
differ flora one another It is possible that no two lipase extracts 
from different tissues act precisely' alike, and, in view of the work 
reported in tins paper, a more likely explanation of these differ- 
ences IS that they are not different lipases but the same lipase 
in different combination with the tissue colloids 

Experiments on the lipolytic power of the serum of dogs m liyT^" 
thyroidism gave results mthin the range of mdmdual variation 
This is to be expected if, as in the case of the pancreas, serohpase 
IS the product of cellular activity in general and not of any partic- 
ular organ The experiment on leucocydosis also points to a simi- 
lar conclusion Wliile a serous exnidate, produced by aleuronat 
mjection mto the pleural cavity, gave some lipase activity, it was 
less than that of the serum of the dog and may have been the results 
of filtration or secretion 



C L von Hess 


397 


It has been, suggested that the lipase m the blood is present in 
an mactii e state, and, in expenmental conditions, may be absorbed 
bj the blood as such, in which case, the negatn e results in changes 
of the serohpase foUowmg pancreatic and thjToid lesions might 
be e^lamed on this basis But the blood serum, tested with the 
addition of bile salts as actuators m both normal and abnormal 
conditions produced m the course of the experiments, gave no m- 
creased action on ethj*lbut3Tate 

The mcrease m the hpolj-tic power of the serum on verj' hot 
dajs IS probabb due to concentration of the lipase because of 
dimmished unne secretion and mcreased ehmmation of water 
from the lungs 

V CONCLTJSIOKS 

1 Estu^iation of the pancreas m dogs does not alter the con- 
centration of the hpase m the serum bej ond the range of mdividual 
and dailj i anations Rabbits, after pancreatectomy, ma}’- show 
a temporarj fall which soon returns to normal 

2 Ligation of all pancreatic ducts as well as all pancreatic 
tissue along the duodenum m dogs gues no deviation from the 
normal lipoh'tic power of the serum 

3 Partial atrophy of the pancreas m dogs and almost complete 
atrophj of the gland m the rabbit produces no change m the sero- 
lipase, nor is there anj change in the hpase concentration parallel 
with the degree of functional actmtj of the pancreas mth or with- 
out the ligation of the pancreatic ducts 

4 (a) On mere ligation of renal arteries m dogs, normal or 
followmg prcMOus ligation of pancreatic ducts, or, (b) on hgation 
of renal artenes simultaneousK with hgation of the pancreatic 
ducts or with extirpation of the pancreas, the lipase concentra- 
tion of the blood maj or maj not change In case it does, there 
is a rather abrupt mcrease followed bj a gradual fall, which, 
ho^\ c% er, still remams aboi e the normal and may nse agam shortlv 
before death The cun e is mdependent of the accompammg 
pancreatic lesions and seems to result only from the occlusion of 
the renal artenes 

5 Bile salts do not actuate the serohpase 

C Increased unne elimination, bj diuresis through adminis- 
tration of pha biological salt solution by the stomach tube, results 
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in fi slight decrease of serohpase concentration which is due entirely 
to blood dilution 

< Ethel anaesthesia has no effect on the concentration of the 
seiohpase 

8 Aleuronat, injected into the pleural cavity, gives a serous 
exudate, teeming with leucocytes, which show's a smaller hpoljdic 
pow ei than the serum of the animal This is probably a case of 
filtiation or secretion of the enzyune from the blood and lymph 

9 “ Hj perthyroidism,’^ as produced by forced thyu-oid feeding, 
in rabbits and "hypotliywoidism,” m dogs give no variations m 
serohpase concentration outside the range of the species 

10 The above results indicate that the pancreas and the thy- 
roid aie not the mam but only' partial source of the blood lipase 
and only m so far as they play their part in the activity of the tis- 
sues m general Serofipase variations are produced by a general 
stimulation or depression of the body' cells, w'hile the small changes, 
which experimental lesions of these glands may produce are com- 
pensated for through the delicate mechaishm governmg the con- 
centration of the serohpase 

I wash to express my thanks to Professor A J Carlson for his 
assistance and many valuable criticisms and suggestions given 
during the progress of this W'ork 
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So far as the wnter is aware the sjuthetic development of com- 
pounds of the cholme tj-pe has not extended bej ond the prepara- 
tion of cholme, the so-called homocholmes (/? and 7), some esters 
of these and certam other denvatives, reference to practically 
all of which IS made m the work of Himt and Taveau on the effects 
of such compounds on the blood-pressure * 

The relation of the homocholmes, referred to above, to cholme 
itself IS shown m the following formulas 


^(CHj)} ^(CH})j 

(HO)Xr (HO)Nr (HO)Nr 

XIH CHiOH XlH-GHOHCHj 


Cholme 


P-Homocholine 


CH-CH CH.OH 
7-Hoinocholme 


the nomenclature bemg based upon the position of the hj droxyl 
m the carbon cham with reference to the mtrogen 

The physiological actmtj of these compounds and their deriv- 
atives as determined by the work reported in Bulletm 73, mdi- 
cates in a general nay that the greatest activity and least toxicity 
IS realized in those compounds which contam the tnmeth 3 lamme 
nucleus and m which the alcohohe hj droxj 1 is not further remo% ed 
from the mtrogen than the ^-position That is, the substitution 
of the a- and /S-h 3 drogen of the carbon chain bj alkjl residues, 
etc , rather than the direct extension of the cham, was mdicated 
as the most promising dei elopment from the standpomt of phj s- 
lological actmtj 

’Hunt, R and Taveau, R dc M Hygienic Laboratory Bull Ao 75 
U S Public Health and Alarme Hospital Service 
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Proliably tlic simplest metliocl of nomenclature for such a class 
of compounds ould be to consider them as substituted cholines, 
Aiitli the further designation of a- or /?- according as the substi- 
tuted gioup IS linked to the first or second carbon From this 
point of Me^\ the /3-homocholmc given above becomes (3-methjl- 
cholme 

The fiist new compound obtained in line vith the suggested 
dc\ elopment as a-niethjd-clioline m the form of its chloride ’ 


Cl NC 

^CH GHoOH a-Methyl-cholme vas prepaied by a 

CHs 


somev hat indirect method Allyl chloride was converted, by the 
method of Oppenheim,- into the chlorh3'’drine, CHa CHOH C&Cl 
The chlorme of this compound was replaced by an acetate 
group according to the method of Henrj'^ }ueldmg the acetate, 
CHiCOOCHo CHOH CH3, which m turn was treated wth hydro- 
chloric acid'* yieldmg the chlor-acetate, CH3COO CHs CHCl CHj, 
and this compound on saponification mth drj’’ hj'^drochlonc aci 
in absolute methjd alcohol® jielded the desired chlorhja nne, 
CH3 CHCI.CH2OH 

The chlorhydrme thus obtained was mixed m a Canus tuoo 
mth a calculated quantity (slightly m excess of theory) of a dd 
per cent solution of tnmethylamme in absolute alcohol le 
tube 'vi as sealed and the mixture heated in a boiling water a 
thiee hours The reaction product was poured into a is 1 


1 Practically all choline compounds and their derivatives pr p 

this laboratory have been obtained and briefly 

of chlorides The preparation of a-metbyl-choline has already b^^^^ y 
described, also its physiological action and that of the y 
in a footnote on page 33 of Hmcmc Laboratory 

also made theic of Morley’s supposed Pf °Vnlme Ind its deriv- 

co„ect.o„ D„„ng the Prep-t.on 

atives the writer was associated with R de lU xai 

grateful acknowledgment for helpful suggestions 

-"Oppenheim Ann d Chem u d rf //d. 

» Henry Bull de V Academic Royal dc Belgique, Classc de Seicn 


p 407 

Henry Loc cii 
® Henry Ibid , 1906, p '34 
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bulb, the alcobol distilled off m vacuo, and tbe residue washed 
several times with methjd alcohol (each wash portion bemg dis- 
tilled off in vacuo) to remove all excess of tnmetbjlemme The 
final product thus obtamed consisted of a yellowish, %er3' viscous 
oil, from which a white crystalline solid, a-methyl-cholme, gradu- 
ally^ separated on coolmg This sohd proved to be extremely 
hygroscopic It was identified and analyzed by’’ means of the 
platmum salt 

/ \ 

( CH-OH ) PtCh The platmum salt of or-methyi- 

^ CH, 

cholme nas prepared by dissolvmg a portion of the above 
descnbed oil or sohd m absolute alcohol and precipitatmg -with an 
alcoholic solution of chlorplatmic acid The resultmg yellow pre- 
cipitate proved to be i ery nearly pure platmum salt It is prac- 
tically insoluble in absolute alcohol but readily' soluble in hot water 
from which it cry stallizes abundantly on coolmg The salt decom- 
poses ngorously' at about 254° to 255° C ^ 

Analy ses for Ft gave the followmg results 


I 0 163S gram salt gave 0 0506 gram Pt 

II 0 1515 gram salt gave 0 0160 gram Pt 

III 0 1612 gram salt gai e 0 0160 gram Pt 


Calculated lor 
CiiHjiOjtirfll, Pt 
Pt 30 20 per cent 


Found 

I IX m 

30 33 per cent 30 36 per cent 30 42 per cent 




CHjOH j AuCU The gold salt of a-methyl-choline 

CH, 


I 


> AH ‘ melting pomts” here reported were determmed, bj the usual capil- 
lary -tube method, with an Anschutz thenaometer and are not corrected 
for emergent stem The rate of heating was not definitely regulated but 
approximated 3° to 5° a minute As pomted out m Hygienic Laboratory 
BuHclin <0, and as corroborated in this and other work, the decomposition 
point may xary qmte widely with comparatixely slight variation in manip- 
ulation Results obtained on the above platinum salt varied, xsith vary- 
ing procedure, from 24S 5°-249 5“ to 251'’-255° but practically identical 
results were obtained with similar procedure 
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was prepared by dissolving tlie a-metliyl-cholme m a little water 
and pi ecipitating ivith an aqueous solution of clilorauric acid The 
resulting pale yellow precipitate was at first more or less oily but 
became definitely cr 3 ’’stallme on rubbing On heating it sinters 
gradually above 180° and slowly melts at 198° to 199 5° 
Analj'sis for gold resulted as follows 

0 1917 gram salt gave 0 0S27 gram Au 

Cnlculntcd for 

CiH«ONCf<Au Pound 

Au 43 13 per cent 43 14 per cent 

In geneial the gold salts do not lend themselves as readily to 
com ement manipulation as do the platmum salts 
The acetyl, phcn 3 d-acetyl, valeryl, benzoyl, mono-brom-iso- 
capron 3 d, and palmityl derivatives of a-meth 3 d-cholme, together 
with their platinum and gold salts, have also been prepared but 
their description mil be reserved for a later paper 
The ph 3 ^siological actmty of a-methyl-chohne and its acyl 
derivatives* — ^more especial^'’ the acetyl derivative — ^has justified 
the promise offered m the development of this class of compounds 
and stimulated effort to fuither extend it 
A prelimmary detail of primary importance to such develop- 
ment IS the prejoaration of chlorhydrines of the desired structure 
Several means to that end were under consideration — among them, 
the possibility of reducing a cyanh 3 ^drine to an ammo-alcohol, 
replacing hydrox 3 'l mth chlorine, and substituting h 3 '’drox 3 d for 
the ammo group b 3 '' means of the diazo reaction, seems worthy 
of mention because of the great variety of chlorhydrmes its suc- 
cessful application would make available Twm methods for reduc- 
mg the cyanhydnnes were at once suggested (1) by the Mendius 
reaction^ for the reduction of nitriles — disregarded because of 
low yields — ^and (2), the Landenberg method® for the reduction 
of nitriles The latter was applied in twm attempts to reduce 
cyanhydnnes but wathout success — doubtless due to the tendency 

» All pharnncological investigation to which these compounds have been 
applied has been made b 3 ’' Dr Reid Hunt, Professor of Pharmaco ogy i 
this laboratory 

-Mendius Ann dci Chem , c\\i, pp 129-153 
® Ladenbcrg Hct d dcutsch chcvi Gcsellsch , xviii; p > 
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of these compounds, m an alkalme medium, to revert to the cor- 
responding aldehjde or ketone b3" sphttmg of hydrocjamc acid 
The writer is hopeful, howei er, that he maj' be able to defuse some 
modification of the Ladenberg method to offset this tendency 
A second method considered for the preparation of the tj-pe of 
chlorhj dimes desired, consists in the well-known condensation 
of hjTiochlorous acid with the olefines The structure of the 
chlorh} dimes obtamed bj this method, however, seems to be a 
matter of much controversj* among different able mvestigators ' 
From a phannacological pomt of view it is important that m these 
cholme compounds there should be the least possible doubt regard- 
ing structure and therefore this method for the preparation of 
the chlorhj dimes seemed undesirable if a more certam one were 
available 

Vanous mvestigators have shown that Gngnard’s reaction for 
the sjmtbesis of tertiai^' alcohols is read]l3 adaptable for chlor- 
h3’-drmes of similar t3Te and concemmg the structure of which 
there seems to be no doubt 

Usmg monochloracetone? with different alk3l-magnesium- 
halides the wnter has successfull3 apphed the method to the 
preparation of two such chlorh} dimes, — the chlorh5'dnne of 


dimeth3l-gl3 col, 


CHjCK /OH 
CH, / ’ 


and of eth3l-meth3l-gl3'col,^ 


CH5CK /OH 

Obviousb these compounds condensed with 


tnmeth3lamine would yield i 3 -disubstituted chohnes—a new class 
of compounds It is mtended, howerer, to attempt the trans- 
position of the chlorme and h3drov32 m ch]orh3drmes of this 
t3-pe, thm leading to the corresponding a-disubstituted eholmes 
A brief description of the two new cholme compounds derived 
from the abo^ e-mentioned chlorhj dnnes follows 


Krassuskj, Txffeneau and 


' Butlcrovr, Henrj , Markowiukoff, Michael, 
others 

» Prepared according to Fntsch, Lubrg’s Annakn. cebnov, pp 310-315 

> Both compounds hare prenousU been prepared ba Tifieneau Comp' 
Tend atad d m , c-ccni, p 775, and other ini estigators 
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^-Dimetliyl-cliolmc Cl This compound was 

COH 

pi opareci b}'' mixing the chlorliydnne of dimethylglycol with a calcu- 
lated quantity (in slight excess of theory) of a 33 per cent solution 
of ti imeth 5 ’’lanune in absolute alcohol and heating the mixture 
in a sealed tube to 100° for about four hours The reaction prod- 
uct, on cooling, was poured into a distilhng bulb and the alcohol 
and excess of trimethjdamine evaporated off under dimimshed 
pressure, aided b}’’ gentle heating over a water-bath, lea^^ng a 
slightlj’’ colored, veiy viscous, oily residue This residue was 
washed several times wuth metlyd alcohol, each wash portion being 
evaporated off as above described 
The product thus obtained was partly an oil and partly a beau- 
tifully crj'-stalline white solid By subjectmg this mixture to long 
continued diminished pressure the w'hole mass became solid though 
slightly contaminated by coloring matter Apparently a very 
little alcohol or a trace of unaltered chlorhydrme or a b 5 ^-product 
contamination, is sufficient to mamtain a considerable portion of 
the product m the form of an od The solid finally obtained is 
verj'’ soluble m alcohol The addition of dry ether to a concentrated 
solution of the product in absolute alcohol caused abundant pre- 
cipitation of a perfectl 3 '- wlute solid, wffiich is very hygroscopic 
and, based upon analysis of the platinum salt, proved to be pure 
jS-dimethyl-chohne 

/ \ 

I ^CHo COH PtCh Theplatmumsaltof^-di-methyl- 

choline was prepared by dissolving the /3-methyI-choline m abso- 
lute alcohol and piecipitatmg with alcoholic solution of chlor- 
platmic acids The yellow^ precipitate obtained is practically 
msoluble in absolute alcohol, fairlj'’ soluble m cold water, an 
readily soluble in hot water from which it crj^stallizes m short 
individual prisms or foliated clusters Heated in a capillary tu e 
the salt gradually darkens in color, begins to blacken at a ou 
240° and decomposes with vigorous effervesence at 245 
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Analjses for platinum gave the foUowmg duplicate results 

I 0 lOSO gram salt gave 0 0313 gram Pt 
II 0 1035 gram salt gave 0 0301 gram Pt 

Calealated for Fotmd 

CiiH*0»NiCljPt 1 n 

Pt 28 997 per cent 28 9S per cent 29 08 per cent 

^,|S-Methyl-eth3’i-cholme Cl prepara- 

tion of this compound vras accomplished m a manner analogous 
to that of the i3-dimeth3d-chohne, except that the reaction mixture 
vas heated m a tube furnace to about 150° to 160° for about three 
hours Even so the condensation vas apparently not complete 
and the reaction vas productive of much more “schimere” than m 
the previous preparation, though this feature may ha\ e been due 
m some measure to impunt3' m the chlorb3'drme used It is also 
probabl3' true that the preparation of the higher homologues and 
other more complex denvatives of this t3-pe of cholme compounds 
will offer progressively mcreasmg difficult3’' m obtammg smooth 
reaction and clean products However, the pomt of immediate 
importance m this preparation was to determme the presence or 
absence of the desired compound, leavmg the problem of its separ- 
ation m pure form for subsequent mvestigation 
The crude reaction product m this mstance was treated as m 
the preparation of the /3-dunethyl-cholme, 3neldmg a residue of 
\ er3 nscous oil nuxed with a large proportion of ciystallme solid 
which appeared ne3rl3’' white m a thm la3’er though the mass was 
much blackened by “ schmiere ” The presence of the /9, /S-methv 1- 
eth3l-cholme, m veiy' considerable proportion, was determm'ed 
b3 means of the platmum salt 

{ '^CH- COH I PtCU This salt was prepared by dis- 

sohung a portion of the crude product, descnbed above, m absolute 
alcohol and adding an alcoholic solution of chlorplatmic acid A 
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voluminous, lorj^ fincl}^ duiclecl, jtIIow precipitate was obtained, 
it vas filtered ivitli difficulty, and cashed with absolute alcohol 
The salt is practically insoluble in absolute alcohol, quite soluble 
in cold water and very soluble in hot water It can be recrystal- 
lized from hot water but much more easil}’’ from a hot murture of 
alcohol and watei A portion of the crude salt w^as treated with 
a quantity of a mixture of alcohol and w'ater (about 1 1) insu£6- 
cient to dissolve all the salt The mixture was heated with stirring 
on a boiling water-bath and filtered hot, The cr^^stals separating 
fiom the filtrate were filtered off, washed and dried in an air bath 
at 100° to 110° C On heating in a capillary tube the salt sinters 
at about 240° and melts wnth decomposition at 242° to 243° 
Duplicate anal 3 ’’ses for platinum resulted as follows 

I 0 1429 gram salt gave 0 0396 gram Ft 
II 0 1471 gram salt gave 0 0410 gram Pt 


Cnieuliitcd for 
CitBtoO NiCliPt 

Pt 27 836 per cent 


Found 

I n 

27 71 per cent 27 87 per cent 


Platinum analyses on the crude platinum salt gave results about 
2 per cent high, wdiile analyses on the undissolved residue in recrys- 
tallizing the crude salt gave results over 3 per cent high, suggesting 
the presence of unaltered trimethydamme m the crude reaction 
product and offermg corroborative evidence of incomplete con- 
densation of the trimethylamme and chlorhy'-drme 

It IS intended to further pursue the development of this type 
of choline compounds and their various derivatives, and to deter- 
mine their physiological action, in this laboratory as rapidly as the 
demands of other work permit 
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(Received for publication, October 30, 1911 ) 

The problems imderl 3 -mg the present research are (1) To 
■nhat extent does carbon dioxide exert a beneficial action m bmd- 
mg animoma set free bj' protem metabolism (2) Does a lack of 
carbon dioxide lead to an accumulation of ammonia and if so might 
this fact account for some of the respiratoi^" changes usuallj’’ attnb- 
uted to lack of carbon dioxide alone (3) Is it possible bj’- means 
of respiration experiments to draw conclusions as to the relative 
ease of the transformation of ammomum carbonate, ammomum 
lactate, etc , mto urea bj”- the hver Thus an mcrease m the 
amount of carbon dioxide m the blood would lead by mass action 
to an mcreased amount of ammomum carbonate and the latter bj^ 
conversion mto urea would no longer act as an ammoma salt and 
therefore the total ammoma content of the blood should fall On 
the other hand if a dimmution m the normal carbon dioxide con- 
tent of the blood is produced artificiallj^ we ought to get an mcrease 
m the total ammoma content provnded that the free ammoma is 
combmed with some acid other than carbon dioxide and is thereby 
less easilj com erted mto urea 

experdiextal methods 

With a few exceptions (see later) our experiments were performed 
on adult dogs which had been fed on meat twenty hours prenoush- 
As anaesthetic, ether was used in a few cases but as a rule cblore- 
tone in dilute alcoholic solution was administered either b} mouth 
or bj rectum 

As the ammonia content v anes greath m different mdmduals 
uc took, for comparison, in eierj expenment a sample of blood 

• 40 ? 



4o 8 Ammonia and Carbon Dioxide of the Blood 


undei conditions ns ncai ly noi mal ns we could make them Unless 
othenijsc stated all samples of blood were dranm from the carotid 
nitciy directly into n 25 cc volumetric flask contaimng 5 cc of a 
1 pei cent sodium fluoride solution This procedure prevented 
clotting entirely As a lule only tivo samples (that is 40 cc in 
all) i\ 01 0 taken from an 3 ’’ one animal to avoid as much as possible 
complications vhich might arise from a too rapid or too great 
deiilction of the vascular sj'^stem All ammonia determinations 
ncic made bj’- the Folin method, using centmormal acid and alkali 

EXPERIMENTAL RESULTS 

Pailial asphyxiation In the first senes of experiments the 
carbon dioxide content of the blood v'as increased by preventing 
the read}^ elimination of this gas The animal was made to breathe 
through a tracheal canula which was connected to a rubber tube 
about two feet long and half an inch in diameter This tube 
passed into a beaker, of one and a half liters capacit}’-, floated up- 
side clovm in anotlier vessel of vmter The beaker was allowed to 
use and fall ■nuth expiration and inspiration, with this apparatus 
asphyxiation could be produced in from six to fifteen minutes 
In e^ ery case the animal was allowed to recover for from fifteen to 
tlmt}'’ minutes from the effects of the msertion of the tracheal 
cannula and the exposure of the carotid artery’' before any blood 
was taken In two cases the normal blood was dravna just before 
respiration was mteifered ■mth and the asphyxiated blood as soon 
as the first sy'tnptoms of asphyxial com’mlsions were seen In the 
othei two cases the order of the taking of samples was reversed, 
that IS paitial asphyxia was produced, a sample taken, then 
the animal allowed to lecover for about thirty’’ minutes before 
taking the second sample ■n’^hich ■nms regarded as normal 
As ^vlll be seen by the table on the follo'wing page an average 
diminution in ammonia of about 50 per cent was obtained, which 
result we felt justified m attnbutmg either to an excess of car- 
bonic acid or to a lack of oxygen or to both 

Efeci of aitificial respiration In our earlier experiments v.e 
sought to dimmish the carbon dioxide content of the blood by 
means of aitificial respiration carried on as follows A current of 
air was introduced through a rubber catheter which was passe 
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through a T-shaped tracheal caunula to the bifurcation of the bron- 
chi The catheter was of sufficiently small size to allow the air 
which had been introduced to readily find its way out through the 
space between the catheter and the inside surface of the cannula 
and then through the unobstructed side arm of the canula The 
other arm, through which the catheter was mtroduced, was closed 
bj a cork through which the catheter passed to present an escape 
of the return air by this channel The inflation of the lungs was 
accomplished b} closmg the unobstructed side arm of the cannula, 
and the inflation could be regulated easily as to frequency and 
extent by closmg the opemng with a finger and bj ^a^ymg the 


soo 

date or expebutest 

firr 

J 100 cc 

BLOOD 

100 cc. 

ASPSTX-J 

BLOOD 

EEMiJ.rS 




crems 

riff 

nff 


1 


9 


2 6 

1 3 

Ether anaesthesia 

2 

January 4, '11 

o’ 


1 8 

0 9 

Ether anaesthesia 

3 

Januarj 5, ’ll 

o’ 

H 

1 9 

0 9 

Anaesthetued mth 2 25 
grams chloretone ad- 
ministered by mouth 

4 

January 6, ’ll 

9 

1 

.s 

0 88 

} 

Anaesthetized with 
chloretone 


amount of pressure m the reservoir which supplied the current of 
an The pressure used was equal to about 2 feet of water pressure 
In the first experiments with this apparatus the results were con- 
tran, to our expectations, as the amount of ammoma was consid- 
erably diminished On takmg, however, a record of the blood 
pressure our method was found to produce a great fall m it, as the 
artificial distension of the lun^ mterfered mechamcally with the 
entrance of blood into the thorax, for it must be remembered that 
anunals during artificial respiration earned out as desenbed above 
make no effort to breathe, and that therefore the distension of the 
thorax is brought about bj positive pressure withm the lungs 
It was surprising to find how great a fall m blood pressure could 
be produced bj a comparatnelj moderate degree of distension 
of the lungs 
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Don 

DATE or rTVEnnirNT 

ACT 

NITa IV 
100 cc 

NOnM/lt 

BLOOD 

NHiin 
100 cc 

BLOOD, 

abt Br:sr , 

LOW B r 

REilAKKa 




mo 

mo 


5 

January 7, ’ll 

o' , 

1 

1 9 

0 9 

2 0 grams chloretone by 
rectum 

6 

January 12, ’ll 

1 

9 

1 2 

0 6 

2 0 grams chloretone b} 
rectum 

12 

Janunrj 26, ’ll 

o' 

1 5 

1 0 

2 0 grams chloretone b} 
rectum 


Tlie decrease m ammonia shoiini m the results given m the above 
table may, v,c think, be attributed to a decrease in metabolism 
dining the period of low blood pressure 
B}'' taking care not to lower the blood pressure b}’' the artificial 
respiiation our surmise as to the cause of the diminished ammonia 
found in the first experiments mth artificial respiration was found 
to be correct Wliere the blood pressure was not mterfered vath, 
we found in four dogs an average increase m the ammonia content 
of the blood of about 30 per cent 
From the results given m this table we feel justified m believing 


DOQ 

DATE OF 
EVPEniUENT 

WEIOBl 

' 6EV 

NH3 IN 
100 cc 

NOR- 

MAL** 

BLOOD 

. NHiin 
200 cc 

BLOOD 

ATTEB 

ART 

RESP 

BEUAJtKB 





mg 

mg 

2 0 grams chloretone by 
rectum Artificial res- 
piration for twentj 
minutes 

7 

January^ 16, ’ll 

1 

7500 

9 

1 3 

1 8 

S 

January 17, ’ll 

1 

9 

0 9 

1 5 

2 0 grams chloretone by 
mouth Artificial res- 
piration for thirty 
minutes 

9 

January 19, ’ll 


9 

1 0 

1 3 

2 0 grams chloretone by 
mouth, 1 0 gram by 
rectum Artificial 

respiration thirtj 
minutes 
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that either diminution of carbon dioxide or excess of oxjgen or 
both are responsible for the mcreased aramoma content of the blood 
Effect of administering carbon dioxide and oxygen In the next 
senes of experiments vre investigated the effect of increasmg the 
carbon dioxide content of the blood inthout dimmishmg the 0x5'- 
gen For this purpose the animals vrere made to breathe an atmos- 
phere consistmg of 90 per cent of oxjgen and 10 per cent of carbon 
dioxide The same method of administration vras followed as m 
the artificial respiration experiments except that the exit for the 
return gases from the lungs was not altematelj' opened and closed 
to inflate the lungs but remamed open all the tune, the natural 
inspiratorj and expiratoiy movements of the animal not bemg 
mterfered with 

The current of the nuxture of gases flowmg through the catheter 
and out through the unobstructed arm of the canula was further 
carried through a rubber tube 6 feet long to prevent any entrance 
of air durmg inspiration through this exit The gases escapmg from 
the free end of the rubber tube were found alwaj's to be sufficiently 
nch m 0x3 gen to cause a smouldering match to burst mto flame 


DOO 

DATE OF 
EXPERnOlKT 

1 i 

1 

SEX TTEIGHt’ 

' 1 

1 , 

1 

NHfts 
103 oc 

NOB 
llAX. 
BLOOD 1 
» 

OTsK 
100 cc 

BLOOD 

ATTEB 

AET 

BUS? 

BEUABXS 


1 


grams | 

mg 

mg 


13 

Januan 27, ’ll 

o’ 

i 

1 

1 4 

1 6 

2 grams chloretone by 
rectum Artificial 
respiration for thirty 

14 

January 2S, *11 

1 


8320 

1 

1 4 

1 7 

minutes 

2 0 grams chloretone by 
rectum Artificial 
respiration for forty- 
five minutes 

1C 

January 29, ’ll 

o’ 

1 5650 

: 1 

! 

1 6 

1 8 

2 0 grams chloretone b\ 
mouth Twenty min- 
utes artificial respir- 
ation 

IS 

March 3, ’ll 

9 

8650 

\ 

1 

i 

0 6 

1 0 

2 0 grams chloretone by 
rectum Tweati mm- 
utes artificial respir- 
ation 
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We believed the normal blood to be so nearly saturated "mth 
OX} gen that the excess of this gas in the above mixture would not 
maleiially affect the production of ammonia, our experunental 
results, hov ever, proved this surmise to be incorrect, for instead 
of obtaining a decrease in the ammoma content of the blood due 
to the accumulation of carbon dioxide in this fluid we obtained 
a slight increase It was noted that the blood when taken for 
analysis vas much brighter than normal, and this fact together 
with the increased content of ammonia found m the above experi- 
ments led us to believe that the inhalation of an atmosphere con- 
taimng an excess of oxygen produces, at least m anaesthetized 
dogs, an increase m the ammoma of the blood With a view of 
testing the correctness of tins surmise several dogs were made to 
inhale pure oxygen, which procedure was found to produce a marked 
increase m the ammoma of the blood 
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r NOn- 

ULOOtl 

Jnhj I- 
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BLOOD 

AFTER 

ART 
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crams 

me 

mg 


17 

February 27, ’ll 

cP 


2 0 

2 5 

2 0 grams chloretone by 
rectum Oxygen ad- 
ministered for thirty 
minutes 

19 1 

IMarch 10, ’ll 


5900 

1 0 

2 2 

2 0 grams chloretone by 
rectum Ox’jgen ad- 
ministered for twenty 
minutes 

20 

March 17, ’ll 


5S00 

1 6 

2 0 

2 0 grams chloretone by 
rectum Oxygen for 
til enty-minutes 

21 

March 17, ’ll 

9 

4S00 

1 3 

2 0 

2 0 grams chloretone 
Oxy^gen for forty 
minutes 


From a comparison of the average percentages of increase m 
ammoma obtained in the experiments made with pure oxygen an 
m those made with a mixture of oxygen and carbon dioxide it 
would seem that carbon dioxide prevents to a certain extent ttie 
accumulation of ammoma, m the senes in which oxygen alone was 
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used there was an average increase m ammonia of 55 per cent, 
m the senes m which a mixture of oxj-gen and carbon dioxide was 
used the average mcrease m ammonia was 28 per cent 

The number of experiments made was, however, too small to 
permit of any final conclusions regardmg this theory', and it is 
also possible that the 10 per cent carbon dioxide added to the oxj- 
gen may m some way have prevented as complete an oxidation in 
the tissues as occurred when the oxj gen was administered pure, 
and that therefore less ammoma was produced 

Effect of curare on the ammoma content of the blood In the next 
senes of experiments curare was used for we hoped in this wa^ to 
obtam a reduction m the carbon dioxide formation, with a subse- 
quent mcrease m the ammonia content of the blood because the 
curare by rendenng the muscular tissue inactive would elimmate 
the chief source of carbon dioxide 

Curare was administered to some of the animals subcutaneously 
and to others mtrai enously 

An effort was made to take the second sample of blood just as 
respiration ceased and while the heart was still beatmg, in all but 
two dogs this was successfully accomplished, m the case of the 
two animals m which the heart stopped beatmg before the amount 
of blood necessaiy for the ammoma determmation could be drawn 
from the carotid arteiy the heart was quickly opened and the flask 
filled duectlj from the left lentncle 
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100 CC SOEltAl. 
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24 
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March 31, '11 


1 8 ] 

2 3 

27 

Apnl 12, ’ll 


1 9 

23 

2S 

April 21, ’ll 


3 2 

3 4 

31 

April 2G, ’ll 


2 3 

2 8 


The senes of experiments gixen aboxe shows a small axerage 
mcrease, compared to the senes of experiments m which asphyxia- 
tion n as produced bj causmg the animal to breathe mto a closed 
X csscl V. c find that asph 3 'xiation m one case has caused a marked 
diminution in the ammoma content of the blood and in the other 
case a slight increase 
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If wc icniciiibci that curare on account of its paralyzing effect 
on tlie muscles is likely to dimmish the formation of carbon dioxide, 
the explanation suggests itself that during the asphyxiation pro- 
duced by curare poisoning, the ammoma of the blood is less rap- 
idly transformed into urea on account of the diminished supplj’’ of 
carbon dioxide, ■\^hlle as stated above in asphyxiation brought 
about by breathing into a closed vessel, the accumulation of car- 
bon dioxide favors urea formation 

Further, as oxidation ahva 3 ’-s means increased ammoma forma- 
tion (sec table, p 412) it follows that in the case of curare poison- 
mg, notvnthstandmg the dimimshed ammoma production, there 
is not sufficient caibon dioxide liberated to bmd the dimimshed 
output of ammoma 

Asphyxiation experiments on dogs zn full digestion Some fur- 
ther exTieriments were made on dogs fed six hours prexuously on 
liver, and which, therefore, were m full digestion The object in 
view V as to determme whether the ammoma liberated m the ah- 
mentarj'' canal and during absorption as well as m the liver itself 
would alter the result we had obtained m fasting dogs Though 
this work is not 3 ’’et completed we msh to state that so far as the 
results of partial asphyxiation are concerned we have obtained 
in fed dogs results the very opposite of those we found m fastmg 
animals that is, we get a rise in the ammonia content of the blood 
instead of a fall durmg asph 3 aiation The explanation is suggested 
that during protem digestion a larger amount of ammonia is formed 
and therefore it would take a larger amount of carbon dioxide to 
form ammonium carbonate and asphyxiation, givmg larger amounts 
of carbon dioxide, ought to facilitate the formation of urea and 
thereby lessen the amount of ammonia The opposite result 
which we obtained might be due either to a time factor, which 
means that the liver working to its utmost is not able to cope all 
at once voth the large amounts of ammonium carbonate, or we 
may assume that because of asphyxiation the liver activity is 
interfered with and that, therefore, the ammonium carbonate is 
not as readily converted into urea as would be the case if the liver 
were full 3 '' supplied mth oxygen That the second explanation 
IS the more likely one seems to be proved b3’' the fact that the 
age amount of ammoma obtamed from the normal carotid bloo 
of fed animals is not richer m ammonia than is similar blooc 
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obtained from starvnng dogs This question is bemg investi- 
gated b3 us and ve hope to be able to gii e our results in a future 
communication 

STJIGIART 

1 Asphj-viation of unfed animals bj mcreasmg the carbon 
dioxide content of the blood causes a decrease m the amm onia 
content of this fluid 

2 Artificial respiration of unfed dogs causmg a decrease m the 
carbon dioxide content of the blood causes an mcrease m ammonia 

3 Inhalation of 0x3 gen b3' unfed dogs mcreases the ammonia 
content of the blood 

4 Curare sfightb' mcreases the ammomum content m unfed 
dogs 

5 Loiv blood pressure b3' decreasmg oxidation decreases the 
ammonia content of the blood m unfed dogs 

6 Asph3-xiation of dogs m full digestion gives an mcrease of 
ammonia instead of a dimmution as m stamng dogs 

In conclusion the authors msh to express their appreciation of 
the numerous suggestions and of the helpful cnticism vhich the3’’ 
have received from Professor Gustav hlann durmg the entire 
course of this work 




FASTING STUDIES V (STUDIES ON WATER 
DRINKING XI) 

THE IKELTIENCE OF AN EXCESSIVE WATER INGESTION ON A 
DOG AFTER A PROLONGED FAST 

Bt PAUL E HOI\'E, H A XLATTILL AND P B HAWK 
(From the Laboratory of Physiological Chemistry of the University of Illinois ) 

(Reoened for publication, October 11, 1911 ) 

In the ver> extensive literature of fasting, in so far as vre are 
aware, there is nothing recorded as to the distnbution of the unn- 
arj nitrogen of the fasting organism under the influence of a a olu- 
minous water intake Of the experiments on record regarding 
the mfluence of water mgestion upon nitrogen excretion those by 
Voit,' Forster,* Rubner* and Fraenkel* are the most important 
The results reported by Forster are particularly significant and 
hai e been widelj' quoted m connection with discussions embracmg 
a consideration of the metabolic influence of water mgestion For- 
ster fasted a dog seien dajs and upon the eighth daj'' mcreased 
the P ater mgestion of the animal 1828 cc Under this augmented 
■w ater mtake the output of urea was mereased from 12 14 grains for 
the scA enth daj to 22 91 grams for the eighth daj The total 
Aolume of uater fed the dog upon the eighth daj Avas 3000 cc , the 
entire Aolume of the fluid being fed Acithm a half-hour interval 
Rubner’s experiments were also of mterest m this connection 
This inA estigator used rabbits as subjects, his experiments bemg 
so planned that the anunals receiied no water for scAeral dajs, 
and this total wnthdranal of fluid was followed by a penod when 
the animals were allowed water ad libilum Under the influence 

iVoit lintcrsuchiingcn nbcr den Etnfluss des Kochsalzes, etc MOnchen’ 
ISCO, p 61 

- Forster Quoted b\ Feder, Zcitschr { Biol , xiv, p 175, 1878 
’ Rubner Zeii^chr f Biol , 'syii, p 221. ISSl 
‘Fracnlvcl Virchoir's IrcAii, Itvu, p 119,1871 
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of ihc Ingli ^\ntcr mtakc tlic output of urea ■Ras nearly double that 
cNciotccl duiing the jicriocl wlicn the animals nere permitted no 
n'lier aFo noted an increased urea output follovong a 

pronounced increase in the natcr ingestion of a fastmg dog In 
conunon n ilh the other nn cstigators mentioned Fraenkel obsemd 
that a high natcr intake nas accompanied by an increased urea 
output the increase in the case of Fraenlcel’s dog was very small, 
hono\cr, being but 0 70 gram of nitrogen for a twenty-four hour 
ponod 

DESCRIPTION 

In the data rcjiorted by other investigators upon the mfluence 
of a copious w ater ingestion upon the fastmg organism the increased 
^ olume of w ater has been introduced in ever^’’ instance into the 
fasting subject in the early days of the fastmg period The exper- 
iments hanng been conducted many years ago the methods of 
anal} sis w ere of course rather inaccurate w'lien judged according 
to modern standards urea n as the ordj^ form of nitrogen which 
nms dotoimmed mth an}’’ degree of accuracy Bearing the above 
facts m mind it seemed w^orth while to study the mfluence of water 
upon an ammal which had reached the advanced stages of fasting 
and to folloTT the course of the excretion of the vanous nitrogenous 
urinary constituents 

The subject of the experiment was our fastmg dog “Oscar 
wdio ultimately succeeded m fasting 117 days as already reported 
The general plan of the experiment was the same as that employed 
m the other experiments already published from this laboratory* 
The weight of “ Oscar’' at the begmmng of the fast was 26 33 
Kg He was brought mto approximate mtrogen equilibrium on a 
diet containing 15 796 grams of nitrogen per da}^ and made up o 
the follomng constituents Meat, 400 grams, cracker dust, 10 
grams, lard, 45 grams, bone ash, 12 grams, water, 700 cc After 
reaching appioximate mtrogen equilibrium the solid portion 
of the diet w^as mthdrami, the animal bemg fed the 700 cc o 
water by means of a tube, during each day of a 69-day fast Dm"- 

1 Howe, Mattill and Hawk Proc Amcr Soc Biol Chem , i, p 260, 1910 
* Howe and Hawk Journ Amcr Chem Soc , wun, p 215, IflU 
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mg the sixtieth, sixty-first, sixty-second and sixtj -third days the 
water ingestion was increased to 2100 cc this large % olume being 
fed m four separate portions according to the following schedule 
9 a m , 400 cc , 1 p m , 700 cc , 4 p m , 400 cc , 9 p m , OOOcc 
The water mgestion was then reduced to the 700 cc level and con- 
tmued at this point throughout the remainder of the experiment 

DiscTJSsiox OF KEsmurs 

The data of interest m connection with our report are given m 
Tables I to HI, pp 422, 423 IPe have mcluded m Table I the 
general data for a penod of thirteen days embracmg an mten al of 
SIX da>s immediately precedmg the tune of mceased water mges- 
tion, a four-day penod durmg which the water mtake was mcreased 
200 per cent abov e that customarily mgested, and an after per- 
iod of three daj s 

Total Ktirogen Excretion For a penod of six days previous to 
the mten al durmg which the water mgestion was mcreased 200 
per cent the average dailj output of mtrogen had been 2 872 
grams The effect of the first daj'’s mtake of the 2100 cc of water 
was to raise this av erage to 5 097 an mcrease of 2 225 grams or 
77 5 per cent The total nitrogen values contmued high for the 
second and thud daj s, 3 690 and 3 096 grams, and upon the fourth 
daj practicall} assumed the normal level vnth an excretion of 
2 793 grams If v\e take the four da>3 of the water penod mto 
consideration we see that the excretion of mtrogen was mcreased 
bv 3 18S grams durmg that time 
The course of the nitrogen excretion of this fastmg dog under the 
influence of a copious water intake is seen to be similar to thax 
observed m this laboratorj^ m experiments upon nonnall5' fed 
human subjects The mam pomts to which attention should be 
directed are the mcreased output of mtrogen upon the first day of 
high nater intake followed bj the dmunution in the mtrogen and 
the subsequent assumption of a compensatmg subnormal level If 
till-' experiment upon the dog be taken mto consideration m connec- 
tion mth the other experiments abov e mentioned it wiUbe observed, 
however, that the mcrease m the mtrogen output was much more 

Xj ’7cd,iu,p SSS, 1910, Wills andHawk 
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pronounced in the fasting test At first thought this fact might 
he ronstriicfl as fiirnislimg evidence in favor of the theorj that the 
inciea^-ed nitrogen following copious vater ingestion is due to Bush- 
ing out of the tissues ratlicr than to a true stimulation of protein 
catabolism Ilove^cr, vc do not feel inehned to accept such an 
interpretation Here no lia\c an animal which has been receiving 
700 cc of Abater each day for about tAAO months During this 
time the urine \ olumes lm\ e ranged from an average of 450 cc 
to 475 cc per dav Such being the case it is mconceivable to us 
that 2 225 gi ams of nitrogen or 77 5 per cent of that normally excre- 
ted could IiaA c been a\ ashed out from the tissues during a tvrent)- 
four Jiotir period through the flushing properties of 1400 ec of 
w ater We believe this increased nitrogen output to have arisen 
from the catabolism of protein material, the large volume of water 
being flic actnc stimulator}'- factor wbicb brought about this 
increased protein catabolism Further arguments in substantia- 
tion of tins belief mil be given m a later paragraph 

Urea Excretion The output of urea-nitrogen m general ran 
parallel a\ itb that of total mtrogen From a daily average Arnlue 
of 2 454 grams for the fore period it increased to 4 054 upon the 
first clay of the -water period and returned almost exactly (2430 
grams) to the pre-w ater leA’-el upon the third day The urea nitro- 
gen therefore assumed its normal course one day sooner than the 
total nitrogen The percentage v'-alues are given in Table IIj P 
423 

Ammonia Excretion The average daily output of ammonia 
nitrogen for the sL\-day fore period w-as 0 261 gram Upon the 
first day of the w-ater period this value increased to 0 469 gram and 
remained high throughout the entire period, the v'-alues for the 
remainmg days of the period being 0 362, 0 391 and 0 284 gram 
This increase in the ammoma excretion under the influence o 
a high water ingestion is right m line wuth observations alrea y 
reported from this laboratory on normally fed subjects ^ In t e 
w^ork already published this augmentation of the ammoma excre 
tion under the influence of copious -water drinking w-as mterprete 
as mdicating that the w’-ater had stimulated the flow of gas nc 
juice and that the excess hydrochloric acid entering the mtestme 

I Po-wler and Hawk Loc , Wills and Hawk Proc Soc Biol Chem 
June, 1911, AVilson and Hawk Unpublished 
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had subsequently united with ammonia formed m the process of 
protem deamidation and the ammomum chloride thus formed had 
at least m part been excreted as such mstead of lendmg itself 
to the formation of urea m the h\er We therefore mterpreted 
the mcreased ammoma output as mdicatn e of a stimulated gastric 
function 

We see no reason for altermg the above mterpretation m order 
to explam the high ammoma nitrogen ^alues observed m this 
fastmg studj To be sure we have no protem mgested and we 
cannot therefore consider the ammoma to haie arisen from the 
deamidation of ingested protem Howe-ver if we evamme the 
figures for the excretion of total mtrogen during the water mterval 
we will obsen'e that these values are sufi5cientl5'far above the normal 
\ alues to account for the catabolism of considerable tissue protem 
We maj therefore consider that the mcreased ammoma observed 
during the water penod of the fastmg experiment arose primarily 
through the deamidation of tissue protem m a manner analogous 
to the formation of the ammoma through the deamidation of food 
protein m the other experiments mentioned 
We are veil aware of the “fastmg acidosis” and have discussed 
it recentlj m connection with another article from this laboratory 1 
In the true fastmg acidosis we ha\ e certam orgamc acids formed 
through the abnormal metabohc r^gune of fastmg, whereas m the 
present instance n e behei e the acid concerned m bnngmg about 
the heightened ammonia output is the hjdrochlonc acid of the 
gastnc jmce Then, too, fastmg acidoses, particularlj m expen- 
ments on men, generallj mcrease progressively m seventy and reach 
their maximum mtensity m the closmg stages of the fastmg mter- 
1 al If Table I, p 422, of the present paper be exammed it will 
be noted that the high ammoma values for this fastmg test can 
not be expiamed upon the basis of any such relationship It will 
be obscned that the normal ammoma lalue of 0 261 gram was 
ncarlj doubled upon the first water daj (0 469) and that there 
followed a gradual decrease to the end of the penod of high water 
ingestion And furthermore as soon as the penod of high water 
intake closed the decrease m the output of ammoma i\as i ery pre- 
cipitate as IS ewdenced bj the fact that the average daily output 

■Hove, Mattill and Hawk Journ Amcr Chem Soc , vxxm, p 5&S, 
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TABii: n 

Percentage Excretion tn Terms of Tola! Nitrogen 
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iHKED 
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of ammoiiui-nidogcn for the three da3& following the period was 
bill 0 22s grain, 1 he final value being 0 142 gram For the percen- 
lago \ allies sec Tabic II, p 422 

Crralnivic Excrclwn The average dailj^ output of creatinine 
nitrogen foi tlie si\ dajs preceding tlie period of high iiater 
inlabo Mas 0 IGo grain Upon the first day of the water period 
this ^aluo Mas increased to 0 223 gram and from this point to the 
end of the ponod the lalues decreased progressn elj^, the final day 
slioMing an output of only 0 138 gram As soon as the normal 
nalei lei el uas again assumed the creatinine output sank still 
lo\\('r as is indicated by an ai crage output of 0 128 gram for three 
clays, the output for the thud clay being but 0 107 gram 

If the data for the excretion of creatinine-nitrogen by^ normally 
nouiisheci inclimcluals under the uifluence of high y^ater mtake' 
be examined it m ill be noted that there is m every' mstance a de- 
creased outjmt Likevisc if the data from certain fasting tests’ 
be consulted the trend yMll also be noted to be doionward in those 
oxpci iments In the present paper, hon ever, m e have submitted 
data M Inch indicate a 30 per cent increase upon the day m M'hich 
the fasting organism m as first subjected to the influence of the high 
yyatcr ingestion In other Mords yve haym data indicating that 
M'hen an animal organism is subjected to the influence of either 
ivater drmlang or fasting that a decreased output of creatinine 
results yvliercas ndien the two agencies (Mmter drinking and fast- 
ing) are brought to bear simultaneously upon an organism a pro- 
nounced increase in the creatinine output occurs, particularly 
upon the first day'' of the test It must be remembered in this 
connection that so far as the effect of the water is concerned, in 
one instance w'-e came up to the period of high water ingestion 
fiom a fasting ley^el whereas in the other mstance M'e approached 
it from the leyml of normal nutrition This observation of an 
initial mcrease m the creatmme output folloM'ed by a subsequent 
decrease may be interpreted according to Lefmann® as a definite 
indication of a stimulated catabolism of protem material 

In a simple fasting test yy'here the fast follows directly after a 
period of normal feedmg and no extraneous agencies such as water 

1 Fowler and Hawk Loc cil , Howe and Hawk Unpublished 
* Howe and Hawk hoc eii , Howe, Mattill and Han k Loc cii 
» Lefmann Zeiischr fur physiol Chenne, Ivii, 476, 190S 
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dnnlang are included we would expect a decreased output of crea- 
tmine if we accept the current theory^ that the creatinine excre- 
tion IS a function of the amount of active muscular tissue m the 
bod}' In the same way we ma} logically expect a lowered out- 
put of creatmme to result from the mcreased protem catabohsm- 
accompan}'mg the mgestion of a large volume of water b} a nor- 
mall} nourished mdividual “ The data m the present paper mdi- 
cate clearly that there was probably a ver}' pronoimced stimula- 
tion of protem catabohsm under the influence of the high water 
mtake Therefore, m Ime with the suggestion of Lefmann we 
would naturally look for a decreased output of creatmme upon 
the da}s m nhich copious quantities of water were mgested 
Instead of a decreased creatmme excretion, however, we obsen e 
that the output of this urmarj' constituent was mcreased It 
seems emdent, therefore, that the factors makmg for a decreased 
output of creatmme under the influence of water dnnkmg are more 
than counterbalanced by other factors which are brought mto plaj 
when to the influence of the water is added the abnormal meta- 
bolic regime of fastmg For percentage values see Table 11, p 423 
Creatine Excretion The data given m Table I, p 422 mdi- 
cate that there was no creatme m the unne for the six-day penod 
precedmg the tune of high water mgestion Other data on file 
m this laboratory* mdicate that for a penod of twelve days before 
the water mteix al only 0 010 gram of creatme nitrogen was excre- 
ted and that dunng an mtenal of eight days before the water 
penod the unne of the dog was practically creatme-free At the 
openmg of the water penod when the daily mgestion of water was 
increased from 700 to 2100 cc creatme appeared and contmued 
to be excreted upon eiery day of the water penod The daily 
output of creatine-nitrogen durmg the water penod ranged from 
0 032 to 0 071 gram, the total weight of this form of mtrogen 
excreted under the influence of the water bemg 0 182 gram 
The failure to find any creatme m the unne of this fastmg dog 
from the fifty -second to the fifty -math days of fastmg mclusive 

P/syMot , xn, p 252, 1906, Folin Ibid, xm, 

’ Lefmann Loc. til 

> Fowler and Hawk Loc cil 

< Howe, Mattill and Hawk Hnpublished 
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vns a ratlier surj)rising obscnation This condition of affairs 
afforded us, however, an excellent opportunity for studjang the 
stinuilatory poworti of vater ns regarded the creatine output It 
IS a xerj significant finding that the urinary creatme-nitrogen 
X 'lines should increase from rero to 0 182 gram in the course of 
four daxs sold}' through the influence of an mcrease of 1400 cc 
in the dailx xxater ingestion 

Our cicntinc nitrogen and total nitrogen data furnish additional 
ex idcncc m fax-or of the hj’pothesis that creatine is held in such a 
combination xxitlim the muscle tliat its release through the mflu- 
ence of xxater “is not necossarilj'' accompanied by the dismtegration 
of the other nitrogenous muscle constituents xi'hich go to form the 
total nitrogen quota of muscular tissue As before mentioned, 
the total nitrogen output during the xrater period xvas increased 
3 ISS grams above the normal lexml If xi e calculate on the basis 
of a nitrogen xxalue of 3 25 per cent for flesh xve find that the 3 188 
grams of nitrogen is cquix alcnt to 98 grams of flesh In like man- 
ner taking 0 123 per cent for the creatme-mtrogen xmlue of flesh 
vre learn tliat the creatine output for the xrater period represents 
148 grams of flesh Hoxvexmr if this 148 grams of flesh had been 
completelj’’ disintegrated our total nitrogen figures should be higher, 
actual calculation shoxiung a discrepancy of about 34 per cent 
This fact furnishes an apparently logical basis for the claun that 
a portion of the creatme excreted under the influence of xrater xvas 
removed from muscular tissue xx^hose total nitrogen quota xvas not 
excreted inasmuch as the muscle continued to function xvithin the 
organism See p 428 for further discussion of this form of cal- 
culation 

As alread)’' discussed m a previous paper from this laboratoiy 
the data for the creatine output folloxving xxmter dnnkmg furnish 
an important substantiation for the h 3 ’pothesis that the increase 
m the total nitrogen excretion which follows water drinking is 
due to a true stimulation of protein catabolism rather than to a 
mere flushing of the tissues See Table II, p 423 for percentage 
values 

After the foregoing data had been sent to the printer our attention was 
called to an article by hlendel and Rose in the October number of this 


1 Fowler and Hawk Loc cit , Howe and Hawk Zoc ci( 
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Journal' which criticised some points in regard to the crentme-creatinme 
interpretation of a former paper from this laboratory ’ 

It had been found bj us that the muscular tissue of a dog subjected to 
repealed fastmg contained much less creatme than did the muscular tissue 
of normal dogs It was concluded from this that a portion of the creatme 
content of such muscle had been withdrawn and e-ccreted leaving the par- 
tiallj decreatimzed muscle “still functioning as living tissue within the 
bodj of the animal ”> To this interpretation Mendel and Rose reply 
“It IS difficult to understand how anj such withdrawal of creatine from 
functioning muscle could occur IJrano* has shown that muscle creatme 
16 held m a non-diffusible form and is probably loosely combmed with the 
muscle protoplasm Its liberation would only be possible after complete 
dismtegration of the muscle bundles ” To our m i nd this finding of Urano, 
whichsofar as we are aware awaits venfic3tion,cannot justly be considered as 
opposed to our finding of a lowered creatme value for the muscular tissue of 
a dog subjected to repeated fastmg Urano was workmg withso-called 
Eumvmg muscle which was, of course, severed from all its circulatory and 
nervous relations and completely removed from the influence of the many 
and vaned metabolic processes which are so mtimately associated with 
filing tissues and which unfortunateli are probablj as yet but imperfectly 
understood On the other hand m the case of our dog we were dealing with 
muscle which was funciioniTig normallr/ within the organism As Mendel 
has verj aptlj said m a recent article,* m connection with a discussion of 
the experiments of Urano and others, “ITe must bear in mind that all experi- 
ments such as those just reported are conducted under artificial conditions differ- 
ent from what pertains in normal muscular actimty ” 

The findmg bj Domer* of a lowered creatme value for the muscular tissue 
of fastmg rabbits, as well as the observation bj Mellanby* to the effect that 
human caremomatous tissue possesses a sub-normal creatme value fur- 
nish important confirmatoiy evidence in favor of the reasonableness of the 
hj-pothesis as to decreatmized muscle 
I^Iendel and Rose next proceed to tale exception to our mathematical 
demonstration that the total nitrogen excretion is far more than sufficient 
to account for the creatme output if we consider that urmary creatme repre- 
sents completel} and pennanenth dismtegrated muscular tissue • The 
idea of making a calculation of this sort suggested itself after we had noted 
a similar calculation m the article bj Mellanby to which reference has 
alrcadi been made It may be well to mention the fact that the workers m 

' Page 202 

’ Howe and Hawk Loc at 

» Howe and Hawk Loc at ,p 233 

< Lrano H of master s Balragc, ix, p 101, 1907 

* Mendel Saence, H S , xxis, p 6Si, 1909 
•Dorncr Zatschr f physiol Chem,hi,p 225, 1907 
■ Mcll-mbi Journ of Phynol , xxxvi, p 447, ITOS 

• k similar calculation is given on p 426 of the present paper 
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<lii'' Inlior i(()r\ luv\c ju\er coii^ulcrcd that the^ ere concerned mth aad 
fri('lli(idq ujuri {Ii(\ aKonifih rl (osliovv rel'itionsiiip or lack of rehtionship 
l>\ me 111 ' of I nnllioin iticnl prorcfliircBUch ns tlintmcntionodaboie Cal 
( 111 itinns of tins n iluro Jiowrxcr no doubt possess ■value in that the} ma} 
pn-'-'ibiv 111 uip; out rc I ilioimIupK wliu Ii would not be apparent unless a calcu 
lit ion of tins soil wire niadi 

J be*-* K'ntilicliinitatinnsof tliismcthodofprocedureha'vebcendul} appre- 
ct itcd 'J Ik pro it ibund incoofunronfrollcdfnctorswould,ofcourse,render 
dofinito (1( diK turns out of tbo question As indicating our ideas as to the 
hniitiitunis of tins form of c ilculation permit us to make citations from a 
lount paper fiom this labor itor} ‘ “In anj attempt to show a mathe- 
ni'if u al reJ il lonsbip bet ween the urinarj total purine nitrogen and the total 
mlropon output is given in an earlier paragraph, it must be borne in mind 
til it the flesh of dilTcrcnt jiortions of the same animal vnll var} in their 
jiurincv allies ” And further along in the same paragraph we read "There is 
olnioiislv no possible w 13 of estimating what percentage of this increased 
output IS duo to the dismtcgi afion of the one type of tissue as distinct from 
the others ” lortunafcl} the calculations of this character made in con 
ncLtion with our experiment il work on creatine excretion do not form anj 
malcrinl part of the basis for our interpretations 

In connection with the discussion of our calculation procedure Mendel 
and Hose call attention to the fact that Paton- has suggested a possible 
resj nlhcsis of nitrogen under such conditions e were aware of Paton s 
contention and discussed it as follows on p 239 of the article criticised b} 
iMcndcl and Hose “At the same time we must not lose sight of the fact 
that the muscular tissue whose nitrogen store is seeminglj intact at the end 
of a fast maj assume this condition not because the catabolic processes have 
not been sufficiently profound to alter its inner structure but rather because 
of certain sjnthctic reactions which liav'e followed or accompanied thepri 
marj disintegration of the tissues ” The} speak further of the “enormous 
stoic of reserve nitrogen” possessed b} dogs and of its influence upon the 
calculation mentio-^ed This “reserv'e nitrogen” if amenable to estimation 
should, of course, be subtracted from the total nitrogen vmlue obtained 
b 3 ' us This procedure would naturall}’’ tend to augment the discrepanc} 
which we havm already emphasized (p 426) as existing between the tota 
nitrogen and creatine nitrogen data of the present paper This question 
of “reserve nitrogen” certainly does not introduce an} appreciable inac- 
curacj into the calculation given on p 426 of the present paper inasmuch as 
the nitrogen reserve of this dog must have been a negligible quantity after 
a fast about itvo months in length 

It IS an interesting and significant fact that notwithstanding the man} 
possible sources of error surrounding the attempt to show a mathematica 
relationship between the total nitrogen and creatme-mtrogen data in t le 
repeated fast referred to by Mendel and Rose, that th ere was “a dircc 

1 Wreath and Hawk Journ Amcr Chem Soc , xxxui, p 1620, 1911 
« Paton Journ of Physiol , xxxix, p 485, 1910 
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relationship between the amount of nitrogenous matenal catabohzed and 
the creatine excreted For e’cample mth practicaUi the same 

amount of mtrogen e'^ereted under the same conditions, t e , two fasts con- 
tinuing to the prcmortal rise, and with two equal but decidedlv different 
rates of nitrogen e'rcretion, practicallj the same amount of creatine was 
excreted It is also worthj of note that the creatinine output of the 
second fast was about 64 per cent greater than that of the first fast although 
the creatine output was wonderfulK uniform as before mentioned This 
increase in creatimne was due simply to the fact that the second fast was 
twice as long as the first fast 

But accordmg to Mendel and Rose the “greatest fallacj” in our reason- 
ing is that we “entirelj neglect to consider the output of preformed creat- 
imne in their (our) calculations ” The\ then state that on the basis of 
the total creatinine data (creatinine + creatme) “the muscle waste’’ m 
the second fast of the dog used in our experiment “is more than sufficient 
to account for all urinary mtrogen ’’ That is true However, if we accept 
this suggestion offered bj Mendel and Rose and male our calculation on 
the total creatinine basis we secure additional evidence m fai or of the 
hj-pothesis of decreatmized muscle, alreadj mentioned 

In connection with the finding bj Mendel and Rose of an increased crea- 
tine content in the muscles of fasting hens and rabbits it should be borne 
in mind that in our experiments the tissue which showed the lom creatine 
■Value was the tissue of a dog whose general metabolic processes had been stnf - 
tngltj altered through the medium of a “repeated” fast It mav very well be 
therefore that the muscles of a dog subjected to “repeated” fasting may 
exhibit charactenstics stnkmglj different from the muscles of hens and 
rabbits which have been subjected to but a single fast 

Purine and Allantoin Excretion The data regarding these 
forms of mtrogen nere obtamed bj Mr S R "Wreath and have 
already been published m another connection - Because of their 
mteresting relationships to the other data given m the present 
paper ne mil give a bnef summars of the findm^ 

It n ill be noted that dunng the period of copious water mgestion 
there nas a marked increase m the output of allantoin-mtrogen 
and a much more pronounced decrease m the purme-mtrogen 
output These findmgs were mterpreted as mdicatmg that “the 
high water ingestion had caused sufficient stimulation of the ovi- 
datu e processes of the bod\ to brmg about the o'ndation mto allan- 
tom of such substances as would ordmanlj go to make up thepurme 
mtrogen quota This oxidation was almost quantitative dunng 

1 Howe and Hawk p 240 

n rcath and Hawk Journ Amer Chem Soc , \xsiii, p 1601,1911 
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tlic Inffoi jvirf of the period During this interval only 0 07 

jiei lent of the nitiogcn of purine origin vas excreted in the form 
of punnc-nitrogon Tiie finding of a lowered output of punne 
iilirogen Mas in full ngreeinent intli the finding already reported 
fiom this laboraton* of a lowered output of uric acid under the 
influence of copious water drinking” 

“It was further found that the fofal 'punne values (sum of the 
alhintom-nitrogon and purme-nitrogen) for the four days of in- 
creased water ingestion were higher than the total purine lalues 
for any other four-day period during the fast of 117 days This 
finding was interpreted as indicating that the high water intake 
had caused a stimulation of protein catabolism ” B}'’ proper ca- 
culation it was then detennined that “provided sufficient flea 
w as catabohred to yield the increased output of total nitrogen elun 
mated during the water period, 46 per cent of the punne nitrogen 
of this quantity of flesh was unaccounted for This quota o 
purme-iiitrogcn might hare been oxidized to stages below a an 

torn and thus escaped determination ” 

In common wath the creatine data w’e submit the tota punne 
data as further evidence m favor of the hypothesis thatt em 
creased output of total nitrogen following a high water inta e is 
due to the stimulation of protein catabolism rather t an o. 
flushing out of the tissues 

Miscellaneous Considerations In table III, p 423, are gi'^^ 
the data on body w eights, creatmme coefficient and the percen 
elimination of wnter The body xveights can have u s i 
significance inasmuch as durmg the w^ater period the re e 
of wmter w ould cause fluctuatmg variations 

The creatimne coefficient wms considerably higher during 
first twm days of the wmter period than durmg the 
The values were m general low'^er durmg the after , 

high values m the first part of the water period were due dire j 
to the influence of the wmter m augmenting the creatmme P 
vhereas the low values of the after period may be ascribed 


W' 


“hf i5“ntoge of the mgested water which 
through the kidneys was higher durmg the water and af P 
than during the fore period In reports formerly made y 

1 Rulon and Hawk Journ Amer Chem Soc , xxxn, p 1CS6, 1010 
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us.i it has been shown that when large volumes of water are intro- 
duced mto a normally fed orgamsm a higher percentage of the inges- 
ted amount is excreted through the kidneys than when small vol- 
umes of water are fed A similar finding has been reported bj’’ us® 
m connection with fastmg men This relation does not hold true 
durmg the post-fastmg penod of regeneration masmuch as the 
retention of water by the tissues durmg this penod tends to make 
comparatne data unrehable For example m the experiment 
just mentioned, only 15 4 per cent of a 3566 cc water ingestion was 
elimmated upon the second day of the regeneration penod whereas 
35 b per cent of a 2424 cc water mgestion was eliminated upon the 
following daj’- 

In general the data for the w ater elimination of the present mves- 
tigation coincide xnth those previously presented There was for 
example a higher percentage of the mgested water excreted durmg 
the period of high water mtake than during the fore penod of low 
water level The high percentage values of the final penod are of 
course due to a "water lag” or retention of water by the tissues 


SUMilAKT 


A fastmg dog ("Oscar”) weighmg 26 33 kg was subjected to 
a fiftj -nme-day fast recemng each daj" 700 cc of water b3^ means 
of a tube On the sixtieth daj' and for the three following daj s the 
w ater ration was increased 200 per cent and at the end of this water 
period the former water level (700 cc ) was agam assumed 
Determinations of total nitrogen and of nitrogen m the form of 
urea, ammonia, creatmme, creatme, purme and allantom were 
made The analj-tical data mdicated that the water had brought 
about an increase of 77 5 per cent m the total nitrogen output for 
the first daj of the penod, the course of the excretion decreasmg 
from this point to the end of the penod, the lalue for the final 
dai being about normal 

The excretion of mtrogen in the form of ammoma was markedlv 
increased during the penod of high water mtake, a feature which 


‘Hawk l/nir of Penn Med Bull , xviu, p 
irch of Ini Med , vil, p 530, 1011 
* Howe, Alattill and Hawk Loe at 


7, 1905, Rulon and Hawk 
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u.is intcrfiiftofl ns indicating that the large volume of vaterhad 
( 'iii^-cd 'I proiiotiiucd stiinulntion of the gastric function 

'J'hc output of nitrogen m the fonn of creatinine Mas found to 
undergo n sharp increase upon the initial dai^of the Mater period 
Thi^ point IS signifu ant in \ icw of the former finding of a deaeased 
output of creatinine vhen a normall}^ fed organism is subjected 
to the innuencc of vatcr drinking or of fasting In the present 
iii'^tancc the tvo agencies Mere vorking simullaneoushj 

I'or a period of eight da3s preceding the water period theunne 
of the dog had been practicall} creatine-frcc With the inception 
of the inter\ il of high water intake creatine in considerable quan- 
titj apiicnrcd in the urmo and continued to appear throughout 

the entire period , 

The copious water ingestion wms found to produce a pronounce 
increase m the allantom-nitrogcn elimination and a more an 
compensating decrease m the excretion of purme-nitrOoen 
The low purine values arc believed to be due to the fact a ce 
tarn oxidatne processes have been so stnnulated as ^ 
a certain quota of the punne-nitrogen precursors mto allantom 
The total purine values (allantom + purme) wmre increased ui 


the water period 

The total nitrogen values when taken mto considera 
connection with the values for creatme-nitrogen total pur 
nitrogen are believed to furnish strong ^ 

h3Tiothesis that the mcreased mtrogen output associate 
creased water ingestion is due to a true stimulation o p 
catabolism rather than to a flushing of the tissues 
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EAKUEB STUDIES 

The literature on this subject has been so adequately renerved 
by Wait, that only the most cursory* consideration of the earlier 
rsork need find place here In expenments on a man, Hoffmann 
found the nitrogen of a diet of lentils, bread and potatoes to be 
53 per cent nr ailable, agamst a utilization of 82 per cent for the 
nitrogen of meat Woroschilofif compared the utihzation of the 
protein of pens with that of meat protem In three cases the meat 
protein u ns 90, 92, nnd 96 per cent utihzed against 83, 8S, and 90 
per cent for the digestibility of the protein of the peas Strumpell 
found the mtrogenous constituents of “leguminose” — a finely 
ground coramercinl preparation, consistmg of a mixture of lentils, 
pens and rr c — to be 90 per cent ar ailable, agamst a utilization of 
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but (lO p(>i cent m an cxpenmonl with unground lentils Rubner 
li 1 '' j)()intf'(l out that m the exponinents of both Worosehiloff and 
Stiiimpell, inatonals other tlmn legumes nere eaten, and these 
accc'-'Orios nun ha\ e ei.crtc(I a favorable influence According!}, 
lluhiier coiuIiK ted two experiments with thoroughly cooked hulled 
pels which were the onl} food consumed The utilization was 72 
to S i poi cent In Alnlfatti’s experiments, peas were 86 per cent 
utih/cd and Pottliast found lentils to be 74 per cent digested 
In an experiment bj' Prausnitz, white beans, soaked for several 
liouis and then cooked till soft, jnelded 70 per cent available 
nit logon Erisinann found the nitrogen of peas to be 80 per cent 
digested Richter obtained a utilization of 90 per cent for the 
nit logon of peas cooked m distilled water, against 83 per cent vhen 
bard walci was employed m the process of cooking Under the 
latter condition particles of apparently unchanged peas wereob- 
sci ved in the feces The poor digestibility of the peas cooked m 
liard water is attributed in part to the formation of difficultly 
digestible alkali earth albuminates, and in part to the digestive 
disturbance due to the magnesium salts in the water Snyder 
rc])ortcd a utilization of SO per cent for the protein of peas, and 
obtained a similar result wnth beans In their experiments wath 
the Maine lumbermen, Woods and Rlansfield estimated the pro- 
tein of beans to be at least 78 per cent utilizable, and an average 
digestibility of 65 per cent is reported in Oshima’s compilation of 
Japanese investigations In a very thorough study, Wmtgen 
found the average coefEcients of digestibility of lentils, beans, and 
peas to be 78, 80 and 86 per cent respectively Wmtgen’s results 
are m accord with those obtamed m an extensive investigation by 
Wait, in which a utilization of 77 to 78 per cent wms obtamed for 
bean protein, and 70 to S3 per cent for cow pea protein 

In commenting upon this literature one can but reiterate t e 
statements made in a prevnous paper* of this senes, and point out 
the necessity for studymg the utilization of the isolated protein, or 
material in w^hich the protein is more readily accessible to t le 
digestive juices 


* Mendel and Fine This Journal, x, p 303, 1911 
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ETPEKniENTAI. PART 
Products Employed 

1 Sot Bean ’ This material was an impalpable 5 ellow pow- 
der, which hetrajed no cellular structure imder the microscope 
In respect to consistencj , it would thus appear to be ideal for 
digestion experiments As maj be observed from the accompanj - 
mg analjsis," the S05 bean offers several points of mterest 


Protein 

per cent 

44 6 

Fat 

19 4 

Cane sugar 

9 ^ 

Mineral matter 

4 2 

Crude fiber 

2 3 

Moisture 

5 3 

Non-mtrogenous extract 

14 S 


Its content of protem and fat far exceeds that of any other 
legume, which condition seems to have been appreciated m Japan, 
for, accordmg to Oshima, it is next to rice m importance m the 
Japanese dietarj ’ In addition to cane sugar, the presence of 
galactans and of pentosans has been detected by Schulze and his 
collaborators * The soj^ bean does not give the ordmary lodme 
test for starch * 

2 "White Be-^n This was the ordmarj' white bean of com- 
merce 

3 CntTDE Bea> Protein Experiments with the ordmary 
white bean are subject to the same cnticism as has been offered m 
connection with the work of prenous mvestigators The attempt 
was here made to thoroughlj rupture the cells and dissoh e and 
wash an aj the starch The method m bnef was as follows about 


‘ Mr M F Demmg of the Cereo Companj, Tappan, K Y , verj kmdlj 
contributed this material 

’ Reported bj Ruhrah Journal of the Amencan Medical Assoaadon, hv 
p ICM, 1910 

» Oshmn, (ece bibhograpM ) gives an interesting account of the i anous 
SOI bean preparations, which arc common articles of diet in Japan 
• For the literature see Schulze and Godet Zexlschnfl fur physiolomsche 
Chcmic, 1x1, p 279, 1909 
‘ Cf Oshima loc at p 2G 
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<> j)ouji(l‘. of fiiu'h ('round hulled beans' -nerc mixed mth water 
;uul lip.'itfd in a ghrerol bath After the mixture had been held 
near 100° C for about an hour, the thin mush x\hich had formed 
x\as cooled below 75° C and a. glycerol extract of malt diastase 
added as a result of winch, after a few minutes, starch could no 
longer bo detoeled wiDi iodine m a test-tube trial The material 
thus obtained was washed by decantation and the water driven off 
i)X heat until about 20 per cent was made up of solid matter The 
resulting preparation was a thick mush, which could be comen- 
icnth pressed into cakes and preserved frozen Although no 
iodine test for starch was obtained in a test-tube trial, nevertheless, 
when a sample treated with this reagent was examined under the 
microscojie, not infrequently starch grams were observed withm 
cells, winch had apparentl 3 ' not m anj'way been affected bj' the 
treatment to winch the 3 '’ had been subjected This insufficient 
rupture undoubtedlj' accounts for the incomplete conversion of 
the starch 

w'lwo/i'515 e>/ Crude Bean Protein {calculated for anhydrous makml) 

per cent 


Protein (N X f) 25) 51 1 

Sugar frominsolublo carbobj'dratc (by h} dro)} sis) 2S 9 

Sugirfrom soluble cnrbohj drate (bj by droljsis) 2 4 

Ash 2 6 

Ether extract* 4 0 

Crude fiber (bj difference) H 0 


•Est Hunted from Vtvmtcrnnd U S Dcpirtmcnt of Agriculture Bull 28(Kc\l2^)i 

p 65, 1906 Mnterlal ns not n^ nllnblo for analj sis 

Attention is called to the fact that a barley protein preparation 
with approximately the same concentration of protein contained 
practicall 3 '' no cellular structure or starch, 3 ''et 3 uelded 20 per cent 
of carboh 3 ^drate b 3 ’' h 3 '-drol 3 ^sis The latter was believed to be 
hemicelluloses It is thus probable that a not inconsiderable portion 
of the “ carbohydrate by hydiolysis" of the above anatysis was m 
reality also made up of hemicelluloses ® 

^ Furnished by Mr Deming who also prepared a considerable portion of 
the crude bean protein for us according to the method outlined 

- Mendel and Fine This Journal, p 340, 1911 

’ At the tune of proof reading we learn through a private communica ion 
from Prof E Schulze that hulled beans, phaseolus vulgaris, contain 1- 
per cent hemicellulose We estimate the hemicellulose concentration oi 
our preparation at approximate!}’ 25 per cent 
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4 Phaseolin This matenal Tvas vei^’’ kmdlj furnished bj 
Dr T B Osborne It vras dned, ground to an impalpable powder, 
and found by analj'sis to contam 13 per cent of nitrogen 

5 Pea Globulin This matenal was prepared as follows 
dned peas were finely ground and repeatedlj- extracted with 10 
per cent NaCl solution The perfectly clear extract thus obtamed 
was saturated with ammomum sulphate, the resulting precipi- 
tate being collected on a filter paper, suspended m a small amount 
of water to which toluene had been added and dial} zed for about 
tw 0 weeks, that is, until free from sulphates Part of the prepar- 
ation was obtamed b} dialj zmg the sahne extract, thus avoidmg 
the necessitj of the precipitation with ammomum sulphate The 
resultmg precipitate was dned at 40° to 50° C , ground to an im- 
palpable ponder and found by anal} sis to contam 16 per cent of 
nitrogen 

Metabolism Experiments 

Sox Bean ilfan,^ Table 1 The ordmary routme was followed 
a fore penod (preceded b} a three day adjustment penod), durmg 
which a mixed diet was consumed, expenmental penod, m which 
01 er 90 per cent of the nitrogen mgested was furnished by so} 
bean, and an after period essentially like the fore penod The 
character of the diet is outhned below 


Character of Diet 


Cracker 

Egg 

Peanut butter 

Meat 

''oj bean 

Potato 

Tomato 

\pple 

Orange 

Milk 

Sugar 

Butter 

Cereal coffee, tea 

‘ The subject was one 
the u^ual actiie life of 


pREu>trs\rT t 

ETPEEIMEVrAI/ 

AFTER PERIOD 

FORE PERIODS | 

PERIOD 

Dali) Averages * 

Dally Averages 

Daily Arerages 

fframs 

^ronu 

fframi 

70 


70 

100 


200 

To 



140 

1 

165 

190 

100 


120 

250 

375 

200 

200 

200 

200 

ISO 

ISO 

180 

CO 

CO 

CO 

130 

140 

130 

i 50 

100 

90 

' coo 

J 

COO 


of us or S P) twenU-fourjearsof age, leading 
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\\ ili he obsc'i \ eel, (hiring the experimental period the cracker, 
egg, ineaf, and mif butter ■were completely replaced by soy bean, 
^\buIl furni'-Iied 01 jier cent of the total nitrogen intake of this 
peiiod IJic daih nitiogen and calorific intakes m these penods 
ueie fairlv eon‘'tant, a\ oraging about 12 G grams and 2500 calories, 
re-'peetneh TJie so\ bean nas boiled in nater for one-half 
hour, salted to taste, and the tomatoes thoroughly incorporated 
into the icsulling mush The palatability of the mivture was still 
fill tiler increased In the addition of a vei^ small amount of pap- 
nka On the nliolo it inaj be said that this fare proved quite 
•igieeable, no unpleasant sjanptoms appearing throughout the 
period of si\ daAs 


TABLE 1 


Soj/ Bean 


RLIUrCT ^(A^ 

Uclslit i( boclmiltic S(j S Ivi; 
Wrii lit nt ititl So 6 hp 

pcmon r 
(5 tins) 
JlLtcd Diet 

rCBIOD II 
(C (]n\'s) 

Soj Bern 

rcRioD in 
(5 da\8) 
Mlted Dfet 


' iMeat, egg, 

S 03 bean. 

Meat, egg, po 


nut butter, 

fruit, etc , 

tato, fruit, 
etc (No nut 


potato, 

90 5 per cent 

Composition of dail 3 '’ 
diet 

fruit, etc 

' total mtro- 

butter) 

Estimated 

gen supplied 
by soy bean 
Estmafed 

Estimated 


calories 2400 

calories 2400 

1 calories 2600 

Nitroffen oidpxil 

Urine nitrogen, gm 

1 Dallj A\ ernges 

Dillj Aierages 

Dallj AieraUM 

9 56 

10 SI 

9 69 

Total nitrogen, gm 

11 11 

12 72 

11 16 

Nitrogen in food, gm 

12 7S 

12 93 

12 22 

Nitrogen balance, gm 

+1 67 

+0 21 

-fl 06 

Feces 




Weight air dr 3 ’-, gm 

25 0 

26 6 

25 2 

Nitrogen, gm 

1 55 

1 91 

1 47 

Nitrogen, per cent 

6 18 

7 15 

5 88 

Nitrogen utilization, per 



88 0 

cent 

87 9 

85 3 


The subject felt m excellent condition throughout the entire 
experiment Defecation took place regularly every morning and 
no diarrhoea occurred 
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It will be obser\ ed from Table 1, that the soy lean nitrogen is 
distinctly {if only slightly) less well utilized than that of the preced- 
ing and succeeding mixed diets The mtrogen concentration of 
the feces of the soj bean period is higher than m anj' other e-cpen- 
ment on this subject which mdicates that some soy beanprotem 
escaped absorption 

Sot Betn' Dogs (with agar and bone ash) — Tables 2 to 4 
Dog 1, Table 2, was fed with a mixture of soj' bean, lard, agar, 
bone ash and water It was heated on the water bath for four to 
SIX hours, the purpose bemg to thoroughl 3 ' “hj drate” the material, 
iihich, as fed to the animal, was a thick mush 

Dogs 5 and 7, Tables 3 and 4, 'were fed with similar mgredients 
and sugar m addition The mixture, mcludmg the water, was not 
heated, but allowed to stand o\ er mght, after which the matenal 
appeared to be thoroughlj' “hjdrated ” 

The plan of experimentation differed m no particular from those 
prenousl} followed, and we maj- therefore proceed directly to an 
examination of the tables, which contam all the essential details 
In the dog, the soy bean was in every case stnJ ingly less well util- 
ized than the meat fed under similar experimental conditions, and 
one also notes the persistently higher mtrogen concentration of 
the feces of the soy bean penods as compared with that of the meat- 
feces This IS an mdication, as noted above, that some soy bean 
protein has probably escaped digestion 
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rADU 2 

Ikan vi(h Agar and Bone Ash 


lui IT pfKi 1 

W I Irlii lit Ii/ citiiiiiir I ) 0 Kr 
li 111 Tt ( 11(1 M C Kr 


C(im[)osi(i()ii 
<!i( t 


of (1 iih 


\U>ogi/i oulput 

Unno nifrojjon, kih 
'1 ()f il in(r(if:i!n, Kin , 

XilroKoinn food, pin / 

Nifropon h il nice, pm ' 

/ < I 

A\oiplit nir(lr\, pin 
Xiliopon, pin 

Xifropcn, per ccn( ) 

Xitropcii iitiliz ition, per, 
ccnl 


1 1 riiinti III 

1 fSdaj") 

1 Mnt 1 ceding 

rrniOD n t 
fJ (hj"") 

Soj Bean Tcedlng 

PEniOD V 
(4 dajs) 

Meat F(?edlDE 

1 

■ grams prami 

1 grant 

Meal dOO So} bean 14"/ 

Meat 300 

1 Ijartl CO Lard CC 

1 Lard 60 

^ Xpar* ^ 

> Agar 5 Agar 5 

Bone isli I,*! 

) Bone ash 15 

1 Bone ash 15 

Bator 300 Bater 500, B'ater 300 

1 Latmiafed 

1 Estimated 

Estimated 

calorics 1070 

1 calories 1110 

calories 1070 

Dalit \\irigM 

j Dt| 1\ V\cra:;C3 

Dilh Vterages 

10 07 

I 9 25 

8 81 

10 CO 

10 94 

9 3S 

10 38 

10 44 

10 44 

-0 22 

-0 50 

+1 05 

20 4 

55 6 

29 5 

0 53 

1 CO 

0 57 

1 79 

3 05 

1 95 

95 0 ( 

S3 S 

94 5 


'Oil till' first mo (Injs of the period tlip IndHtcstlblo ms represented bj 20 grams bone 
nsh Till" prodttetd brittle fc^es uenco in the romalnlng three dnjs ngnrnnd bone nsh were cm 
plojid It" nol(d In the t ihic 

1 1 oretd feeding ncces’srj throughout the pcriod—no tomltlng 

TABLE 3 

Soij Bean with Agar and Bone Ash — 


SniUECT DOG 5 
B eight lit beginning 5 2 Kg 
B eight It end 5 2 Kg 


Composition of daily ) 
diet 


Nitrogen output 
Urine nitrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

Weight air dry, gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, perj 
cent 


PEniOD ti 

(4 dnts) 
Meat Feeding 

gEIUOD TTI* 

(4 data) 

Sot Bean Feeding 

FEBIOD tan 

(5 dal’s) 

Meat Feeding 

grams 

Aleat 150 

Sugar 20 

Lard 20 

Agar 3 

Bone ash 7 

B''ater 100 

Estimated 
calories 510 i 

grams 

Soy bean 69 
Sugar 20 

Lard 25 

Agar 3 

Bone ash 7 
B''ater 200 

Estimated 
calories 570 

gront 

Meat 1^ 

Sugar 

Lard 20 

Agar ” 

Bone ish J 

B''ater 100 

Estimated 
calories 510 

Dalit Atemges 

Dallj At eragea 

^ Dalit Atcrages 

3 71 

3 01 

4 09 

4 11 

4 26 

4 44 

4 93 

4 90 

4 SO 

+0 82 

+0 64 

+0 36 

15 5 

34 0 

15 0 

0 40 

1 25 

0 '65 

2 60 

3 67 

3 32 

91 8 

74 5 j 

92 7 


Cjstltls developed but tvas cured In the course of tvo dajs bj moans of AgNOi so u 
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T\BLE * 

Sou Bean mth Agar and Bone Ash 


SUBJECT DOa 7 

Wcicht at beginning 4 9 Kg 
\\elgbtatend 4 6 Kg 

PERIOD V 
(3 days) 

Meat Feeding 

PERIOD VI 

(6 da^-s) 

Soy Bean Feeding 

PERIOD vn 

(5 day's) 

Meat Feeding 


t 

grams 

grams 

grams 


Meat 100 

Sox bean 47 

Meat 100 


1 Sugar 20 

Sugar 20 

Sugar 20 


Lard 20 

Lard 25 t 

Lard 20 

Composition of dailj 

1 ^gar 3 

Agar 3 

Agar 3 

diet 

Bone ash 7 ! 

Bone ash 7 

Bone ash 7 


1 M atcr 100 

tVater 175 

Water 100 


Estimated 

Estimated 

Estimated 


calones430 

calories 490 

calories 430 

Aitroffcn output 

Daily A\cra?c3 

Dally Averages | 

Daily \verages 




Urine nitrogen, gm 

2 63 

2 3S 

2 55 

Total mtrogen, gm 

2 S9 

3 04 

2 79 

Nitrogen m food, gm 

3 29 

3 34 

3 20 

Nitrogen balance, gm 

+0 40 

+0 30 

-fO 41 

Feces 




\\ eight air dr\ , gm 

12 7 

20 5 

12 S 

Nitrogen, gm 

0 26 

0 66 

0 24 

Nitrogen, percent 

2 04 

3 22 

1 86 

Nitrogen utilization, per 



cent 

1 92 1 

80 2 

92 6 


Sot Beax Dogs (xcithoul agar and bone ash) — Tables o to IS 
These experiments irere conducted in essentially the same manner 
as those just reported, except that the mdigestible adjuxants — 
agar and bone ash — were omitted Tables 8 to 10 contam the 
results of trials instituted after the intestinal tract had been sub- 
jected to a thorough treatment with mdigestible non-mtrogenous 
matenals, the purpose being to remox e as far as possible the accu- 
mulated intestinal debris 

Proceeding directlj to a studx of the tables, we agam note the 
poor utilization of the soj bean mtrogen A fuller discussion of 
these data xiath a consideration of the attendmg conditions xviU 
be offered belon ’ in connection xnth the discussion of the results 
obtained xxitli the crude bean protein 

In Oshima’s compilation one notes that certain soj bean products 
(c g tofu) are as much as 9G per cent utilizable Tofu, howexer, 
I- probablx of an albumose nature and such fax orable results should 
bo corrc^iiondingK interpreted 
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TAUrL 5 

Urnn mlhoiit Aqar or Bone Ash 


ntitJicT riof] »» 

I lit nt l» '^In Wnr 0 Kr 
nt t ?hI ft 0 Kr 


of dnil^ diet 


^ ilrorjrn output 

l^rinr nitrogen, gin f 

'I’ot il nitrogen, gni I 

Nitrogen in food, gm ' 

Nitrogen Inlnnce, gni 

/ fCC*- 

eight iiirdr\, gm 
Nitrogen, gin 
Nitrogen, per cent 
Nitrogen iitiliz'ition, percent 


• Onc-qinrtcr to onc-Iialf of the food forced each dnj 


rrrion 
(i dajs) 

Vc^tl eedlng 

PERIOD XXI* 

1 {5 dai-a) 

j So} Bean Fading 


prams 


cram 

Meat 

150 

Soj bean 

M 

Sugar 

23 

Sugar 

2o 

L ird 

20 

Lard 

20 

]\ ater 

100 

1 Water 

22o 

1 Estimated 


1 Estimated 


calories 

530 

1 calories 

o30 


1 Dallj A\ erases 

4 OS 


3 96 


4 30 


4 06 


4 59 


4 61 


+0 29 


-0 05 


4 5 


ITS 


0 22 


0 70 


4 95 


3 90 


95 2 


S5 0 



TjVBLE C 


Sop Bean uithout Agar or Bone Ash 


senji CT Doo 0 
Welelit nt boRiniiInc C 1 Kg 
eight nt end G 3 Kg 


Composition of dailj' diet 


Nitrogen output 
Urine nitrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

Weight air dry, gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, per cent 


rrmoD xxi 
(l dn>s) 

Meat reeding 

Meat 

prams 

150 

Sugar 

25 

Lard 

20 

Water 

100 

Estimated 

calories 

530 

Datlj Axerages 


3 55 

3 77 

4 59 
+0 S2 


PERIOD "OTI 

(5 da\-s) 

So^ BcanFecdlne 


Soy bean 

Sugar 

Lard 

Water 2 

Estimated ^ 
calories 


Dallj Aacragea 






Lafayette B Mendel and Morris S Fine 443 


T\BLE 7 


Soy Bean tmihout Agar or Bone Ash 


gUBJECT DOO I 

Weight at bcglnnln; o 9 IvE 
eight at end 6 3 Kg 


Composition of dailj diet 


Nitrogen output 
Unne nitrogen, gm 
Total nitrogen, gm 
Nitrogen, in food, gm 
Nitrogen balance, gm 
Feces 

Weight air drj , gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, per cent 


PEIUOD XT. 

(4 da> 

Meat Feedin 

g 

1 PERIOD T33 

\ (o dava) 

Sov Bean Fe^Milng 


jrron* 

( 

irraTrj 

Meat 

150 

Sot bean 

64 

Sugar 

25 

\ Sugar 

25 

Lard 

20 

1 Lard 

20 

W ater 

100 

11 ater 

225 

Estimated 


1 Estimated 


calones 

530 

calones 

530 

1 Da!l> \rerage3 

^ Dallj Aireniges 

3 55 


, 3 41 


3 74 


' 4 21 


4 59 


1 4 61 


+0 85 


1 -t-0 40 


3 2 


1 16 2 


0 19 


0 SO 


5 93 


< 4 91 


95 S 


{ S2 S 



TIBLE 8 


Soy Bean icithout Agar or Bone Ash 


stnuECT Doa 5 
Weight at bcslotiloc 6 2 Kg 
height at end 6^ Kg 


Composition of dailj diet 


Nitrogen output 
Unne nitrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

eight air drv , gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utibzation, per cent 

About half of the food fortod each daj 


PERIOD xm* 

(3 daj-s) 

Soy Bean Fe^'dlng 

PEPJOD ’txvm 

(o days) 

Meat Feeing 


prams 

arams 

Sot bean 

64 

Meat 

150 

Sugar 

25 

Sugar 

25 

Lard 

20 

Lard 

20 

M ater 

225 

Water 

100 

Estimated 


Estimated 


calones 

530 

calones 

530 

Dailj erages ] 

1 Dailj A-verages 

3 66 

i 

3 6S 


4 31 


3 84 


4 61 


4 64 


+0 30 


J-O SO 


18 5 


3 4 


0 65 


0 16 


3 52 


4 62 


S5 9 


96 6 
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T^vBLr: D 


Soy Bean uithoul Agar or Bone Ash 


remoD xxvit 
<3 d^Js) 

So\ Bpan Peeding 


PERIOD \xix 
(o daj-3) 

Meat Feeing 


WtDJICT, POO ft 
nt bogliinliig C ft Kr 
Welglit nt end B 0 lag 


Composition of dnilj diet 


N’ltrogcn oxitpul 
Urine nitrogen, gm 
Tot il nitrogen, gm 
Nitrogen in food, gm 
l^itrogcn bilnnce, gm 
Pcccs 

Weight air drj, gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, per cent 


Soj bean 64 

Sugar 25 

Lard 20 

Water 225 

Estimated 
calories 530 

Meat 150 

Sugar 25 

Lard 20 

Water 100 

Estimated 
calories 539 

D'lilj A.^cnges 

Callj Aa erases 

3 45 

3 35 

4 06 

3 59 

4 Cl 

4 64 

+0 55 

+1 05 

16 7 

4 4 

0 61 

0 24 

3 64 

5 43 

86 S 

94 9 


TABLE 10 


Soy Bean without Agar or Bone Ash 


SCPJECT POO 7 

Height at beginning C 6 Kg 

Weight nt end, 0 S Kg 

pEniOD vxvi 
(4 da\s) 

Soi Bean Foedlng 

PERIOD 

(odats) 

Jleat Feeding 

Composition of dail 3 ’' diet | 

So 3 ' bean 
Sugar 

Lard 

Water 

Estimated 

calories 

ffravis 

64 

25 

20 

225 

530 

I grami 

Meat 150 

1 Sugar 25 

Lard 20 

Water 100 

Estimated 
j calories 530 

Nitrogen output 

Urine nitrogen, gm 

Total nitrogen, gm 

Nitrogen in food, gm 

Nitrogen balance, gm 

Feces 

Weight air dr 3 ^ gm 

Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utilization, per cent 

Dallj Aaerages 

1 Dallj Averages 


3 7S 

4 35 

4 61 

+0 26 

15 9 

0 57 

3 60 

87 6 

3 60 

3 75 

4 64 
+0 89 

3 8 

0 15 

3 82 

96 9 
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TABLE 11 


Soy Bean icithout Agar or Bone Ash 


SUBJECT DOG S 
Wetaht at bcglDUlBS 6 0 Kg 
11 eight at end 5 9 Kg 


Composition of daily diet 


Nitrogen output 
Unne nitrogen, gm 
Total mtrogen, gm 
Kitrogen in food, gm 
Isitrogen balance, gm 
Feces 

Weight air drj , gm 
Kitrogen, gm 
Nitrogen, per cent 
Kitrogen utilization, per cent 


Feces evldentlj separated Imperfectly 


PERIOD TTl 

(•1 daj-s) 
ileat Feeding 


PEBIOD xvn 
Soj- Bean Feed tng 


Meat 100 

Sugar 25 

Lard 20 

Water 150 

Estimated 
calories 450 


proms ! 

100 Soj bean 
25 Sugar 
20 Lard 
150 I Water 

Estimated 
450 ' calories 


I>ally Averages 


Dally A.re’Tiges 


Soy Bean inthout Agar or Bone Ash 


WeJcht ot boglunJng 6^ Kg 
eight at end 6 I Kg 


Composition of dadj diet 


!\itrogen output 
Erinc mtrogen, gm 
Total nitrogen, gm 
Nitrogen m food, gm 
Nitrogen balance, gm 
Feces 

11 eight air drv gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, per cent 


PERIOD 5CfH 
(4 daj-3) 

Meat Feeding 


PEPTOD jcnn 

C4 davs) 

Soy Bean Feeding 
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t^vblt: 13 

Soij Bean xuthoul Agar or Bone Ash 


PLJUJ CT 1)00 7 

Ui If hi lit hcf’lniilnit GOKr 

Up/rht n( ( ti() 5 B JvR 

rEiuoD \n 
(4 dais) 

Meat reeding 

PERIOD XTII 
(4 dajs) 

Soj Bean Feeding 


i 

grama 


grami 


hleat 

100 

Soy bean 

46 


Sugar 

25 

Sugar 

25 

Coinpo'iition of d'ulj diet 

Lard 

20 

Lard 

20 


\\ atcr 

150 

Water 

225 


Estimated 


Estimated 



calories 

450 

calories 

460 

A ilrogcn oxd-pul 

Dallj A\ crages ^ 

1 DaHy iverajes 

Unne mlrogcn, gm 

i 2 S5 


2 S3 


Total nifrogcn, gra 

' 2 95 


3 37 


Nitrogen in food, gm 

3 2S 


3 31 


Nitrogen balance, gm 

+0 33 


-0 06 


Feces 





IVoigiitnirdry, gm 

1 5 


11 0 


Nitrogen, gra 

0 io 


0 54 


Nitrogen, per cent 

7 06 


4 77 


Nitrogen utilization, per cent 

96 8 


83 S 



White Bean Man, Table 14 The original intention was to 
investigate the digestibihty of hulled beans which had been finely 
ground and thorouglil}’- cooked, and in which the starch had in 
great part been dissolved by an amylolytic preparation This 
mixture, however, produced such violent nausea that a successful 
experiment wnth it was entirely out of the question Indeed other 
workers, notably Strumpell, have reported similar difficulties with 
bean experiments 

How’'ever, the subject was unwnihng to have the fore period stand 
for naught, so the experiment was carried through using ordinary 
imhulled beans, wffiich were cooked or baked in the usual way 
In this form the beans were far from unpalatable The character 
of the dietary employed m this experiment is given below 
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Cracker 

Egg 

Meat 

Beans 

Potato 

Tomato 

Apple 

Orange 

Grapes 

Milk 

Sugar 

Butter 

Cereal coffee, tea 


PREUMTN A-T) 

tore TER5003 

ECPCRUIEVTAI* 

TEEIOD 

Dall> 

Dally 

CTflTTtl 

yrcm* 

70 

35 

200 

90 

200 

1 

1 


230 

100 


250 

300 

200 

200 

180 

ISO 

120 

140 

60 

60 

120 

130 

75 

80 

600 

600 


TABkE 14 
iriiUe Bean 


SUBJECT 

Weight at beginning 56 4 Kg 

Weight at end 56 0 

1 FEBJOO 1 1 

(1 days) 

' iStitd Diet 1 

PERIOD n 

(4 dajrs) 

Wlilte Beau 

Composition of dailj diet ‘ 

Meat, egg, pota- 
1 to, fruit, etc 1 

\ 

Estimated 
calories 2600 

Beans, egg, fruit, 
etc 

68 2 per cent of 
total nitrogen 

1 supplied by the 

1 beans 

1 Estimated 

1 calories 2700 

Nxlrogen output 

• Dally Averages 

1 Dally Averages 

Unne nitrogen, gm 

9 19 

1 8 00 

Total nitrogen, gm 

10 90 

1 10 70 

Nitrogen in food, gm 

12 25 

' 12 20 

Nitrogen balance, gm 

-1-1 35 

1 -1-1 50 

Fccee 

t 

! 

Height, air drj.gm 

' 26 2 

1 44 2 

Nitrogen, gm 

1 71 

1 2 70 

Nitrogen, percent 

1 6 54 

j 6 11 

Nitrogen utilization, percent 

1 S6 0 

1 77 9 


The plan of the eMienment differed in no essential from those 
on tnnn already reported The prelunmarj- penod of adjustment 
was onh one daj m duration, and the after penod tvas entirely 
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omitted The results are m general accord wntli those obtained 
by previous obsei vers 

The factors -which piobably contribute to the unfavorable util- 
ization of the protein of beans have already been discussed’ 
The plan was conceived of av oiding these unfavorable influences 
as fai as possible, and to that end, as already described,- hulled 
and powdered beans v ere thoroughly cooked, and the greater part 
of the starch removed Experiments v ith this matenal follow 

Crude Bean Protein” — Dogs, Tables 15 to 21 The material 
was not dried, but vlien m the stage of evaporation the proportion 
of solid matter became about 20 per cent, it i^as pressed into pack- 
ages containing the daily supply of protein, and preserved frozen 
until leady for use In some cases, no additional -water was given, 
as the moisture of the pioduct sufficed Such details may be 
most readily’- learned from the tables 

In the experiments repotted in Tables 15 to 17, thefoodmix'ture 
w as of the consistency of putty and made a rather large volume of 
material The animals experienced some difficulty in chewing 
because of the unusual consistency’, but in spite of this Dogs 6 
and 7 appeared to relish the fare, and even Dog 5, upon w’hom 
foiced feeding had to be practiced, did not seem to find the food 
especially repellent 

It w’as thought that possibly’ this large mass of food overburdened 
the digestive tract thus accounting for the rather poor utihzation, 
and hence experiments reported in Tables IS to 20 w-ere instituted, 
w’here the food nitrogen w as only’ tw’o-thirds as great as in the pre- 
ceding three experiments 

In all the above expeiiments, agai and bone ash w’ere mclu e 
in the diet, and it w’as therefore desired to eliminate the influence 
of these “indigestibles” for compaiison Hence the expeTimen 
recorded in Table 21 

' Cf Mendel and Fine This Joxtrnal, \, p 305, 1911 

-Pp 435^36 . gre 

^ As far as we are aware the only e-’cperiments with similar ma eria ^ 
conducted by Edsall and Miller (see bibliography) on infants an 
man The infants digested 90 per cent or over of the mtrogen in 
periods and the man utilized 94 per cent However, the 
nished but 25 per cent of that of the infant’s food and only a ou 
of the protein in the man’s dietary, whereas in our evp^nmen s a 
tein was supplied by the bean preparation 
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T\BLE lo 


Crude Bean Prolan vnlh Agar and Bone Ash 


SUBJTCr DOC 5 

Welpht at beginning 6 5 Kg 

Weight at end 6J2 Kg 

1 PERIOD X 

(4 daj-s) 

Meat Feeding 

PERIOD TI* 

(3 daj-s) 

Bean Protein Feeding 

Composition of daih diet 

grama 

Meat 150 

Sugar 20 

Lard 20 

A.gar 2 

Bone ash 5 

, Water 100 1 

1 

Estimated 

1 calories 520 

grama 

Bean protem 300 

Sugar 20 

Lard 25 

Agar 2 

Bone ash 5 

Water (contain- 
ed m the bean 
protein) 240 

j Estimated 

1 calories / 560 

N'llrogen output 

Urine mtrogen, gm 

Total mtrogen, gm 

Nitrogen in food, gm 

Nitrogen balance, gm 

Feces 

eight air drj , gm 

Nitrogen, gm 

Nitrogen, per cent 

Nitrogen utdization, per cent 

• Dallj \\enige3 

Dall> \\erage3 

1 4 65 

1 4 97 

1 5 23 

, +0 26 

! 11 0 

' 0 32 1 

1 2 95 1 

1 93 S 

4 24 

5 OS 

5 10 

+0 02 

39 3 

0 84 

2 15 

83 4 


Forced feeding necesaarj thm ngh nnr the period 


TABLE le 


Crude Bean Prolexn vnlh Agar and Bone Ash 


SCTBJECT DOG 6 

nelcht at beglanlns ~ 1 Kg 
"elshtatend G S Kg 

PERIOD 'Q 

(4 day’s) 

Meat Feeding 

PERIOD TH 

(3 day-g) 

Bean Pro eln Feeding 

Composition of dailj diet 

^ams 1 

Meat 150 

Sugar 20 

Lard 20 ' 

Agar 2 

Bone ash 5 ' 

1 W ater 100 

1 Estimated j 

* calories 520 

1 

grama 

Bean protein 300 

Sugar 20 

Lard 25 

4.g3r 2 

Bone ■'sh 5 

Water(contain- 
ed in the bean 
protein) 240 

Estimated 
calories 560 


^'ilrogen output 
Unne nitrogen, gm 
iotal nitrogen, gm 
i^,itrogen in food, gm 
•Nitrogen balance, gm 

eight air dr\ , gm 
^.itrogen, gm 
Nitrogen, per cent 
itrogen utUization, per cent 


DalH Averages Dallv \veragea 


3 S4 3 62 

4 20 4 59 

5 23 5 10 

+1 03 -fO 51 


9 2 35 3 
0 36 0 97 
3 91 2 75 
93 1 SI 0 
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TABUS 17 

Crude Bean Protein with Agar and Bone Ash 


Composition of daily diet 


Nitrogen output 
Urine mtrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

Weight air dry, gm 
Nitrogen, gm 
Nitrogen, per cent 
Nitrogen utilization, per cent 


PEIUOD 
(4 data) 

Meat Feeding 

PERIOD TI 

(3 daj-B) 

Bean Protein Feeding 


grams 

grams 

Meat 

150 

Bean protein 300 

Sugar 

20 

Sugar 20 

Lard 

20 

Lard 25 

Agar 

2 

Agar 2 

Bone ash 

5 

Bone ash 5 

Water 

100 

Water (contain- 
ed m the bean 
protem) 240 

Estimated 


Estimated 

calories 

520 

calories 560 

Dally A\ erages 

Dally Averages 

3 84 


3 51 

4 16 


4 37 

5 23 


5 10 

+1 07 


-f 0 73 

10 0 


36 3 

0 32 


0 86 

3 20 


2 38 


93 9 83 1 


SCBJECTT, DOQ 7 
Weight at beginning, 6 7 Kg 
Weight at end, 6 4 Kg 


TABLE 18 

Crude Bean Protein with Agar and Bone Ash 


SUBJECT, DOQ 5 
Weight at beginning 6 2 Kg 
Weight at end, 6 9 Ivg 


Compostion of daily I 
diet 


Nitrogen output 
Urine nitrogen, gm 
Total mtrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

Weight air dry, gm 
Nitiogen, gm 
Nitrogen, per cent 
Nitrogen utilization, 
cent 


per. 


PERIOD vn 
(4 daj-B) 

Meat Feeding 

PERIOD Tm* 

(4 daj-s) 

Bean Protein 
Feeding 

PERIOD TIT 

(4 da>*s) 

Mcnt Feeding 

grams 

prams 

prpms 

Meat 100 

Bean pro- 
tein 200 

Meat 

lUU 

Sugar 25 

Sugar 25 

Sugar 

25 

Lard 20 

Lard 25 

Lard 

25 

Agar 2 

Agar 2 

Agar 

2 

Bone ash 5 

Bone ash 5 

Bone ash 

5 

Water 150 

Water(160gm 
in the bean 
protem)225 

Water 

150 

Estimated 

Estimated 

Estimated 

450 

calories 450 

calories 480 

calories 

Dallj At erages 

Dall> Avenges 

Dilly At erages 

3 15 

3 00 

2 64 


3 43 

3 54 

2 90 


3 49 

3 34 

3 28 


+0 06 

-0 20 

-f 0 38 


11 0 

26 5 

11 5 


0 28 

0 54 

0 26 


2 59 

2 05 

2 27 


91 8 

83 8 

92 1 



* Forced feeding nccessarj throughout the period 








TABLE 10 


Crude Bean Protein vnth Agar and Bone Ash 


StnUECT DOO C 

1 PERIOD 'em 

PERIOD XIV 

(4 daj-s) 

Bean Protein 
Feeding 

PERIOD XV 

Weight at beginning 6 6 Kg 

' (4 da>-s) 

(4 daj*8) 

^\elghtatcnd C^Kg 

ifeat Feeding 

Meat Feeding 


cram* 

crams 

j^rafrw 



Meat 100 

Bean pro- 

Meat 100 




tein 200 




Sugar 25 

Sugar 25 

Sugar 25 



Lard 20 

Lard 25 

Lard 20 

Composition of dailj 
diet 


Agar 2 

Bone ash 5 

Agar 2 

Bone ash 5 

Agar 2 

Bone ash 5 


Water 150 

Water(160gm 

Water 150 




in the bean 
protein)225 




Estimated 

Estimated 

Estimated 



calories 450 

calones 480 

calones 450 

Nitrogen output 
TJnne mtrogen, gm 


Dalij Arcmgea 

Dall> Averages 

! Dally Averages 


2 56 

2 64 

2 40 

Total nitroeen. cm 

2 91 

3 33 

2 71 

N itrogen in food, gm 

3 49 

3 34 

3 28 

Nitrogen balance, gm 

[ +0 5S 

+0 01 

+0 57 

Feces 


Weight air dn , gm 

10 5 

28 3 

10 0 

Nitrogen, gm 

Nitrogen, per cent 

0 35 

3 37 

0 69 

2 45 

0 31 

3 07 

Nitrogen utilization, per 

cent 

1 89 8 

79 3 

90 6 


TABLE 20 


SDBJECr DOO 7 
Weight at banning 6 4 Kg 
weight at end 6 1 Kg 


Composition of daily 
diet 


Nitrogen output 
Unne nitrogen, gm 
Total nitrogen, gm 
Nitrogen in food, gm 
Nitrogen balance, gm 
Feces 

WeiEhtairdiT,*Em 
mitogen, gm 
Nitrogen, per cent 
Nitrogen utilization, 
cent 


PERIOD XU 

(4 daj-s) 

Meat Feeding 

PERIOD xni 
(4 daj-s) 

Bean Protein 
Feeding 

PERIOD XTV 

(4 daj-s) 

Meat Feeding 

jironw 

Meat 100 

Sugar 25 

Lard 20 

Agar 2 

Bone ash 5 

Water 150 

Estimated 
calones 450 

ffraTns 

Bean pro- 
tem 200 

Sugar 25 

Lard 25 

Agar 2 

Bone ash 5 
Water(160 gm 
in the bean 
protem) 225 
Estimated 
calones 480 

crams 

Meat 100 

Sugar 25 

Lard 20 

Agar 2 

Bone ash 5 

Water 150 

Estimated 
calones 450 

Dallj Averages ' 

Dally Averages 

Dally Averages 

2 82 

2 70 

2 55 

3 05 

3 34 

2 81 

3 49 

3 34 

3 28 

+0 44 

±0 00 

+0 47 

8 5 

25 3 

9 5 

0 23 

0 64 

0 26 

2 74 

2 52 

2 70 

93 3 

80 9 

92 2 
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TABLE 21 

Cmde Bean Protein mthout Agar or Bone Ash 


SUBJECT DOG 7 

Welcht at beginning 6 0 Kg 

Weight at end 5 9 Kg 

PEIUOD XtT 

(4 dn\s) 

Meat Feeding 

PEBIOn XIX 
(3 da} a) 

Bean Protein Feeding 


graim 

Meat 100 

Sugar 25 

Lard 20 

grams 

Bean protein 235 
Sugar 25 

Lard 20 

Composition of daily diet . 

Water 150 

Estimated 
calories 450 

Water (180 gm 
m the bean 
protein) 230 
Estimated 
calories 4S0 

Nitrogen output 

Dally A\ernges 

Dally Aieragea 

Urine nitrogen, gm 

2 85 

2 58 

Total nitrogen, gm 

2 95 

3 21 

Nitrogen in food, gm 

3 28 

3 43 

Nitrogen balance, gm 

Feces 

-bo 33 

-bO 22 

Weight air dry, gm 

1 5 

24 6 

Nitrogen, gm 

0 10 

0 63 

Nitrogen, per cent 

7 06 

2 57 

Nitrogen utilization, per cent 

96 8 

81 5 


One would at once gam the impression from these results that 
the legume proteins are among the less well utilized materials, 
nor is this view dispelled when we attempt to analyze certain pos- 
sible contributing causes The bean diets contained celluloses 
and hemicelluloses, substances mherent m the experimental mate- 
rial and entirely or for the most part mdigestible The influence 
upon utilization of such non-nitrogenous matter cannot be ascer- 
tained from the foregoing tables In a few instances the attempt 
has been made to determine the amounts of these substances which 
have failed to disappear from the alimentary tract The crude 
fiber of the food may be assumed to completely reappear m the 
feces The undigested hemicelluloses of the excrement A^as 
determined by the method outlined in a previous paper - These 
data are presented m Table 22 and are m part reproduced m Table 

* Cf Swartz Transactions of the Connecticut Academy of Arts and Sci" 
enccs, XVI, p 268, 1911 

-Mendel and Fine This Journal, x, p 339, 1911 
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23, -where the utilization of the legume protems is compared to 
that of the protein of meat diets contammg comparable or greater 
amounts of indigestible non-nitrogenous matter From the latter 
table it is apparent that the presence of indigestible non-mtrogenous 
matter is not -nhollj responsible for the low coefBcients of diges- 
tibihtj of the proteins of the soj' bean and crude bean prepara- 
tions, smoo the ooeffioients for tbe nitrogen of meat diets including 
hke or greater amounts of such substances was distincth* higher 
This is further borne out in the follomng tn 0 e-rpenments (Tables 
24 and 25) -with isolated legume proteins 


TABLE 22 

Undigested Carbohydrates Dented from the Food Material Daily Values 


TJLBLE 

1 

ilATERl \1. 
UNDER 

INTESnCATION 

wEioRT or 

INGESTED 

EEGUME (dRT) 1 

1 

1 coupoamoN or the teces 

j Crude Tiber 

j Hcmlirellulosc 

Total 




' fframt 

1 fframs 

j ffTttms 

cran* 

11 

Soj 

Bean 

46 

i 10 

3 7 

4 7 

12 

Soj 

Bean ! 

46 

1 0 

35 

4 5 

13 

Soj 

Bean I 

46 

1 1 0 

' 29 

3 9 

5 

Soj 

Bean 

64 

1 5 

1 5 4 

6 9 

6 

Soj 

Bean 

64 

' 1 5 

5 2 

6 7 

21 

CnideBean 






Protein 

40 

i 4 4 

' 9 S 

14 2 


Cf the analj-^ on pp 43o and 436 


TABLE 23 

Companson of ike Utilization of Proteins in Relation to the Content of Indi- 
gestible Kon^^itrogenous Materials in the Diet 


TABLE 

NATURE OF 
INGESTS j 

NTTEOOEN INTAKi: 

IN'DIGESTTBUE 

N ON-NTTPOGEN OCS 
; MATTEB OF THE 

1 DIET 

NTTROGEN 

muzATiov 



(rrom» 

grams 

per cent 

11 

Boj Bean 

3 3 

4 7 

80 2 

12 

Soj Bean 

3 3 

4 5 

79 3 

13 

Soj Bean 

3 3 

3 9 

S3 S 

5 

Soj Bean 

4 6 

6 9 

85 0 

6 

Soj Bean 

4 6 

6 7 

84 0 

21 

Crude Bean 





Protein 

3 3 

14 2 

81 5 


Meat* 

3 3 

13 0 

i 89 2 


Meat* 

3 3 

6 0 

1 91 0 


p , oe Qiscussea more luUj 
trace of three experlmenia I 3 presented 
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TABLE 24 


Phascohn vnth Agar and ‘‘Salts "* 


SUBJECT DOQ 4 

Weight nt beginning 6 1 Kg 
Weight nt end, 6 1 Kg 

PEIUOD I'X 

(3 days) 

Meat Feeding 

PERIOD X 

(5 days) 

Phaseolin Feeding 

PERIOD -a 

(5 dnj-a) 

Meat Feeding 


grams 

grams 

grams 


Meat 150 

Phaseolin 38 

Meat 150 


Sugar 25 

Sugar 25 

Sugar 25 


Starch 5 

Starch 5 

Starch 5 

Composition of daily 

Lard 20 

Lard 30 

Lard 20 

diet 

Agar 8 

Agar 8 

Agar 8 


Salts 4 

Salts 4 

Salts 4 


Water 200 

Water 300 

Water 200 


Estimated 

Estimated 

Estimated 


calories 540 

calories 520 

calories 540 

Nitrogen output 

Urine nitrogen, gm 

Dally A\ erages 

Dallj A\ erages 

Dali} A} erages 

4 45 

4 11 

4 28 

Total mtrogen, gm 

4 63 

5 32 

4 62 

Nitrogen in food, gm 

5 27 

5 22 

5 20 

Nitrogen balance, gm 

+0 64 

-0 10 

+0 58 

Feces 




Weight air dry, gm 

9 4 

20 0 

12 4 

Nitrogen, gm 

0 18 

1 21 

0 34 

Nitrogen, per cent 

1 93 

6 07 

2 77 

Nitrogen utilization, per 




cent 

96 5 

76 9 

93 4 


•The Ingredients of this salt mixture were reported by Mendel and Fine This Journal i, 
p 321, 1911 


Phaseolin Dog, Table 24 The food mixture, including water, 
as detailed in the experimental period reported in Table 24, was 
heated on a water bath for four to slx hours The cooking of the 
food mixture resulted in the gathering together of the material in 
small lumps, which may possibly account for the very unfavorable 
utilization We do not beheve that this condition appreciably 
influenced the result, since the lumps were not hard and solid, but 
on the contrary, quite pervious Repeated attempts to feed this 
preparation in food mixtures, not subjected to heat, invariably 
resulted m complete failure Ingestion of the material was regu- 
larly followed bj'’ nausea and vomiting 

Pea Globulin Dog, Table 25 The pea globulin as used in 
this experiment was entirely soluble in 10 per cent sodium chloride 
and was an ideal material for the study of the problem in hand 
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The food rmxture -nas not heated as m the preceding expenrnent, 
but in spite of this the matenal gathered together in small pemous 
lumps, ■when the irater was added Although the utilization does 
not fall far Mow that of meat, fed under similar conditions, jet m 
the relatively high nitrogen content of the feces we note the evidence of 
the escape of a portion of the protein from digestion 
As far as we are aware, Salkowski is the only other worker who 
has studied the utihzation of the isolated legume protein This 
author found the isolated protem of the horse bean to be 94 per 
cent utilized, against a utdization of 89 per cent for the untreated 
horse bean It should be noted that Salkowski’s protem was pre- 
pared by extractmg the beans with dilute alkali and precipitatmg 
the dissolved protem 'with acid 


TABLE 2o 

Pea Globulin mth Agar and Bone Ash 


SUBJECT DOO 6 

Weight at beglanlng 4 9 Kg 
eight at end 4 6 Kg 

PUEIOD n 
(4 days) 
MeatFeedlDS 

pERion m 
(o da>*s) 

Pea Globulin 
Feeding 

PETUOD Vin 
(5 days) 

Meat Feeding 


pTCnw 

ffrens [ 

groms 


Meat 150 

Pea Glob- 1 

Meat 150 


Sugar 20 

uhn 30 j 

Sugar 20 j 

Sugar 20 

Ck)mposition of dailj 

Lard 20 

Lard 30 

Lard 20 

diet 

Agar 3 

Agar 3 

Agar 3 

Bone Ash 7 

Bone Ash 7 

Bone Ash 7 


Water 100 

Water 200 

Water 100 


Estimated 

Estimated 

Estimated 


calories 520 

calones 470 

calones 520 

Nrtrogen output 

TJrme nitrogen, gm 

Dallv Averaces 

DaJlj Averages 

Daily A-veiages 

4 13 

5 14 

4 23 

Total nitrogen, gm 

4 49 

5 70 

4 62 

Nitrogen, in food, gm 

4 93 

4 81 

4 SO 

Nitrogen balance, gm 

+0 45 

-0 89 

-40 IS 

Feces 

Weight air dry, gm 

14 5 

15 6 

15 0 

Nitrogen, gm 

0 35 

0 56 

0 39 

Nitrogen, per cent 

2 42 

3 62 

2 59 

Nitrogen utilization, pei 
cent 

92 9 

8S 3 

91 9 

i 


Although the data reported in this paper would seem to warrant 
t e conclusion that the leguminous proteins are relativelj poorly 






456 


Utilization of Legume Proteins 


utilized, this must be accepted with some reservation, at least 
until the influence of varying quantities of certain indigestible 
mateiials upon the utilization of easily digested substances like 
meat can be ascertained, and a larger number of trials mth the 
isolated pioteins aie carried out 

TABLE 2fi 


Nitrogen Balances in Soy Bean Experiments 


SUBJECT 

TABLE 

801 BEAN 

ME\T 

Man 

1 

+0 21 

4-1 67, 4-1 06 

Dogl 

2 

-0 50 

-0 22, 4-1 06 


3 

+0 64 

4-0 82, 4-0 36 

Dog 7 

4 

+0 30 

4-0 40, 4-0 41 


6 

-0 05 

4-0 29 


6 

+0 45 

4-0 82 

Dog 7 

7 

4-0 40 

4-0 85 


s 

d-0 30 

4-0 SO 

Dog 6 

9 

-f 0 55 

4-1 05 

Dog 7 


4-0 26 

4-0 89 


11 

-0 17 

4-0 49 

Dog 6 

12 

4-0 10 

4*0 74 

Dog 7 

13 

-0 06 

4-0 33 


TABLE 27 


Nitrogen Balances in Crude Bean Experiments 


SUBJECT 

TABLE 

CRUDE DEAN PROTEIN 

MEAT 

Dog 5 

15 

4-0 02 

4-0 26 

Dog 6 

16 

4-0 51 

+1 03 

Dog 7 

17 

4-0 73 

41 07 

Dog 5 

IS 

-0 20 

40 06, 40 38 

Dog 6 

19 

4-0 01 

40 58, 40 57 

Dog 7 

20 

4-0 00 

40 44, 4-0 47 

Dog 7 

21 

4-0 22 

40 33 


TABLE 23 


Nitrogen Balances in Experiments on Phascolm and Pea Globulin 


SUBJECT 1 

T\BrE 

PIIASEOLI^ j 

PL^. CLOBULIN 

MFAT 

Dog 4 

Dog 6 

B 

-0 10 

j 


1 40 64, 4-0 58 

4-0 45, 40 IS 
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In Tables 26 to 2S are collected the nitrogen balances obtained 
in the experiments reported in the present paper The soj bean 
and crude bean proteins maintained generous positne balances 
which are, however, imiformlj smaller than those for meat This 
difference is explamed bj the increased elimination of fecal nitrogen 
during the bean periods A similar explanation accounts for the 
negatii e balance dunng the phaseohn period, but the unfai orable 
mtrogen balance durmg the feeding of pea globuhn is presumably 
attributable to its inherent madequacj 

STBULUIT 

In companson with the other vegetable proteins thus far reported 
m this series of studies, the legume proteins are less well utihzed 
The matenals mxestigated prmcipally were (1) soj' bean flour, 
free from starch, (2) a product prepared from the nhite bean by 
thoroughlj dismtegratmg the cells and dissolvmg and washmg out 
the starch, (3) phaseohn — a protem isolated from the white bean, 
and (4) an uncoagulated globuhn from the garden pea The unfa- 
vorable results with the S 03 bean and white bean preparations can 
be explamed only m part bj' the presence of cellulose and hemi- 
cellulose m these products Such considerations cannot be apphed 
to the data for phaseohn and pea globuhn 
Attention was called to the desirability of further work on the 
isolated legume proteins, and on the influence of indigestible non- 
mtrogenous matenals upon the utdization of meat 
The observations regardmg the soy^ bean are of special mterest 
m new of the fact that this product has lately* been mtroduced 
quite widely as an adjuvant to the dietary^ of diabetics 
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HOW DO ISOTONIC SODIUM CHLORIDE SOLUTION AND 
OTHER PARTHENOGENIC AGENTS INCREASE 
OXIDATION IN THE SEA URCHIN’S EGG? 

BtJ F McClendon A^^> p h mitchell 

{From the Emhryological Ldboralory of Cornell XJnxiersity Medical College, 
New Yorl City, (he Physiological Laboratory of Brown University, Provi- 
dence, R I , and the U S Bureau of Fisheries, Woods Hole, Mass ) 

(Received for publication, November 4, 1911 ) 

Loeb has shown that “OH ions favor development ’ Our own 
expenments (Table 6) as v ell as those of 0 Warburg- demonstrate 
that mcrease m the alkahmty of the medium mcreases oxidation 
m fertilized eggs 

Accordmg to Warburg, the egg is impermeable to "OH ions or 
fixed alkahes, because, although eggs stamed with neutral red 
are changed to yellow by NHj of a concentration which mcreases 
the oxidation only one-tenth, similar eggs are not changed to 
j ellow bj fixed alkahes of a concentration at which oxidation is 
greatlj mcreased 

These facts are, however, capable of another mterpretation 
The egg is filled with hpoid particles which take up the neutral 
red to such an extent as to render the surroundmg protoplasm and 
sea water colorless The "OH ions cannot freely enter the bpoids 
m order to change the color of the neutral red On the other hand 
ammonia is hpoid-soluble and can enter 
It might be objected that the ammoma cannot react with the 
dj e m the non-aqueous medium owmg to the suppression of lom- 
zation, but whether the dye is dnven out of the hpoids or changed 
to j ellow in situ, the fact remains that it does become yellow 
Harve}-’ observed that the addition of but a small quantitj’" of 
alkah to sea water containmg fertdized eggs stamed with neutral 

‘ Loeb Chemische Entwicf lungserregung des tienschen Eies Berlm, 1909 
-tVarburg Zeitschr f physiol Chem , Lx, p 305, 1910 
’Harvej Journ of Exp Zoology, x, p 507,1911 
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red, changed the eggs to yellow However, the eggs were injured 
by the alkali and probably their permeability was increased It 
IS possible that alkalies or ""OH ions in any concentration enter 
the fertilized eggs but must be present in sufficient concentration 
to set free ammonia or change the lipoids in order to affect the dj'^e 

We may assume, then, unless more conclusive evidence indicates 
the contrary, that the “OH ions increase oxidation after penetrat- 
ing the egg 

One of us has shovm that unfertilized sea urchin’s eggs are poorlj’^ 
permeable to salts and their 10ns, but become more permeable 
after fertilization or the initiation of parthenogenetic develop- 
ment ^ Not only is the permeability increased but the oxidation 
rate is increased Warburg observed that exudation mcreases 
from five to seven times on fertilization (compare our Table 5 , 
experiment III) He found also a large increase after the initia- 
tion of parthenogenetic development caused by hypertonic sea 
water,- fatty acid, alkalies or traces of the heavy metals,^ silver 
or copper Our own experiments, given below, confirm and extend 
these findings There appears then to be some relation between 
permeabihtj'- and oxidation, and the present paper is an attempt 
to determine what this relation is 

The living cell may be compared to a furnace, and R Lilhe^ 
advanced the new that increase in permeability opens the draughts 
so to speak, allowing the escape of carbonic acid, and hence oxi- 
dation IS increased He supposes that the accumulation of car- 
bonic acid and perhaps other end-products checks the oxudation, 
and increase m permeability to caibomc acid allows oxidation to 
proceed The difficulty with this hypothesis lies m the fact that 
living cells have been shown bj’- Overton and otJiers to be freely 
permeable to substances which are easilj'- soluble in fats and oils, 
or especially in lecithin and cholesterin Carbon dioxide is solu- 
ble in oils and probabl}^ enters cells easil3% at least there is evidence 
to show that red blood corpuscles are freely permeable to this 
gas Fatty oils are permeable only to the undissociated mole- 
cules and not to the ions Since the proportion of 10ns of carbonic 

■ McClendon Amer Journ of Phijsiol , wvii, p 240, 1910 
" Warburg Zeilschr f physiol Chcni , Ku, p 1, 190S 
= Warburg Ibid , Kvi, p 303, 1910 
< Lillie Biol Bull , xva, p ISS, 1909 
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acid \vould ordinaril\ be small, vrlnt conditions in the egg might 
fai or ionization of 

Not all of the alkali metals m the egg are combmed nath min- 
eral acids , some are combmed ith proteins This has been shomi 
bj the senior author rvith electric conductivatj measurements of 
hens egg j oik gi\ en m the accompanjung cur\ es The continu- 
ous hne represents the conductivit3 of 3 oik freed from protein 
granules, and the dotted hne, 3 oik contaimng an excess of protem 



granules, separated b3^ the centrifuge The granules impede the 
current as shoivn b3' the fact that the granule-containmg 3'olk is a 
poorer conductor than granule-free 3mlk But on dilution, the 
granule-containmg 3 oik becomes the better conductor There- 
fore 10ns are set free from the granules on dilution 
The carbomc acid formed withm the egg would react with 
the alkah albummates with the formation of alkali carbonates 
and bicarbonates, which, notwithstandmg h3^drol3sis, would 
hberate a considerable quantity of carbonic acid amons ’ The 
dissociated carbonic acid, bemg unable to escape from the unfer- 
tilized egg would lower the ~OH ion concentration and thus reduce 
oxidation As the undissociated molecules of carbonic acid escape, 
more are formed b3 the slow oxidation m the egg 

On fertilization, the permeability to the amons of carbomc 
acid IS greatl3 increased The3' migrate out of the egg, and nega- 
tive ions enter the egg to take their place Smce the ~OH ions of 
the sea water are the fastest negative 10ns, the3'^ enter the egg and 

‘ At about molecular concentration the equivalent electric conductivitj 
of 3faCl IS 76, of Ka CO, 45 at 18° 
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mciease oxidation However, if some ~C1 or ~S 04 10 ns entered 
the egg they would tend to decrease the ~OH ion concentration 
within the egg But the senior author has shown that the ferti- 
lized Fundulus egg is impermeable to “Cl 10 ns, for when placed in 
distilled water, or in solutions of nitrates or sulphates, practically 
no chlorine comes out of the eggs ^ We may assume, therefore, 
that carbonic acid accumulates in the unfertilized egg un til the 
reaction is neutral or slightly acid But on fertilization, the per- 
meability to carbonic acid anions is increased and the concentra- 
tion of this acid IS diminished so that the reaction is neutral or 
slightly alkaline The increased allcalmity is the cause of the 
increased oxidation We vnll now see to what extent our experi- 
ments bear out this assumption 

We observed that oxidation is about doubled when the egg is 
made parthenogenetic with carbonated sea water (Table 5, experi- 
ment II) or alkaline isotomc sodium chloride (Table 3, experi- 
ments I and II) In some cases the eggs, being physiologically 
different from those m other experiments, did not show the mor- 
phological signs of development in this solution, and oxidation vas 
not doubled (Table 2 Table 3, experiment III, cf Table 5, experi- 
ment I) The eggs begin development while in the alkaline solu- 
tion, but eggs made parthenogenetic by treatment with neutral or 
acid solutions (neutral sodium chloride or carbonated sea water) 
begin development only when transferred to natural sea water or 
other alkaline solution This bears out our hypothesis, for if the 
increased permeability remains after the egg is returned to an alka- 
line medium, a chance is given for an mcrease m alkalmity in the 
interior, which was lacking m the non-alkalme solution 

Certain facts may seem to contradict our assumption, but prob- 
ably they merely limit its application 

1 A slight increase m “OH ions may cause even the unfertilized 
egg to absorb more oxygen (Table 2) and a greater increase causes 
it to develop This does not necessarily show permeability of the 
unfertilized egg to hydroxyl ions The increased alkalinity 
slowly causes an increased permeability of the egg and thus leads to 
parthenogenesis, but the degree of alkalinity of the medium neces- 
sary to induce development of the unfertilized egg is far greater 

1 These experiments will be published later in the American Journal of 
Physiology 



J F McClendon and P H Mitchell 463 

thnn that necessan for the de\ elopment of the fertilized egg or 
the egg alreadj made parthenogenetic 
2 The fertilized egg of Arhacia 'punctulala (but not of some other 
sea urchms) maj develop m a natural medium, as Loeb observed 
and vhich vre have confirmed In other vrords, a hj drovj 1 ion 
concentration in the medium, greater than that of distilled vater, 
IS not necessarj for development of this egg made freely per- 
meable to carbomc acid Hoivea er this fact does not set a limit 
to the alkahmty of the egg anterior The egg probablj contams 
more Na than Cl 10ns, and if it be impermeable to Na or Cl, the 
escape of carbomc acid might cause the egg mtenor to become 
alkalme or at least neutral Eggs made parthenogenetic m some 
vraj-s (neutral sodium chloride, for mstance) do not de\ elop unless 
transferred to an alkalme medium, but this ma3' be due to thepossi- 
bihtj that these parthenogenetic eggs are not qmte as permeable 
as are fertilized eggs The same maj* be inferred from oxidation 
measurements Neutral sodium chloride causes the unfertilized 
egg to absorb more 0x3 gen than it does m sea water (Table 4 ) 
but the mcrease is shght, and morphological de^ elopment does not 
commence If the eggs are then transferred to sea water or other 
alkalme solution, some of them ma3’’ develop 
It appears therefore that mcrease m permeabdity is a gradual 
process Although some eggs are so permeable as to be able to 
develop m an neutral medium others are less permeable and do 
not develop, or develop 011I3 m an alkalme medium By treatmg 
eggs with parthenogenetic agents m various concentrations or for 
various lengths of time we may mduce vanous degrees of per- 
meabiht3 E\ en fertilized eggs may be made more permeable b3'’ 
treatment with parthenogemc agents, and a correspondmg mcrease 
m oxidation ma3^ be observed (Table 6) In these experiments 
the oxidation of the eggs m sea water was measured about nmety 
mmutes after fertihzation they were then placed m isotomc, 
alkahne sodium chloride solution, m which the oxidation mcreased 
one-half, when returned to sea water the oxidation fell below its 
pre\'ious lei el m the same medium Accordmg to Loeb, this 
mdicates death of some of the eggs (20 per cent) 

The experiments just described explam the discrepanc3' between 
the results of Warburg and those of Loeb Warburg^ found that 
’Warburg Zoc cit 
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the oxidation of the fertilized egg in isotonic sodium chloride solu- 
tions containing a trace of sodium cyanide, is much greater than 
in sea water contaming the same concentration of sodium cyanide 
Loeb’ confirmed this determination, but observed further that 
if the cyanide is omitted (from both) no increased oxidation in 
sodium chloride solution occurs The cjmnogen in both sea water 
and sodium chloride solution depresses oxidation Since sodium 
cyanide liberates ~OH 10ns, we may conclude that the increase 
in oxidation in tlie sodium chloride solution used by Warburg was 
due to the increased penetration of hydroxyl 10ns, follomng in- 
crease of permeability 

In our exjieriments no c^mnide was used, and the alkalinity of 
the sodium chloride solution was not greater than sea water, yet 
oxidation was increased In Loeb’s experiment the tendency of 
increased permeability to increase oxidation was counteracted 
by the effect of loiver alkalmity, w^hich decreases oxidations 

Alkaline sodium chloride solution also favors oxidation in eggs 
that have reached later stages of development, morula or blastula 
(Table 7 ) In this experiment, the rate of oxidation in sea water 
•was rising gradually (see next section) before the eggs were placed 
in the alkaline soduim chloride solution, but in the latter a sudden 
increase of more than 50 per cent was observed 

MATERIALS AND METHODS 

The eggs of the sea urchins, Arbacia punctulata, were used The 
animals were ivashed in a strong stream of fresh water and opened 
with precautions against introducing spermatozoa among the 
eggs The ovaries were removed and placed m the first solution 
to be used, sea wmter or neutral van’t Hoff’s solution The mass 
was strained through bolting cloth of such a grade as to allow but 
one egg to pass through one mesh at a time The eggs were 
repeatedly precipitated by gravity in fresh portions of the solution 
in order to remove coelomic fluid cells (elaeocytes), and trans- 
ferred wath a small quantity of fluid to the determination flask 

The rate of oxidation in the various solutions was measured by 
comparison of the dissolved oxygen in the solution before and 
after the eggs had been suspended in it during a definite period 

I Loeb and Wasteneys Biochcm Zcitschr , xwin, p 340, 1010 
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Winkler’s thiosulplinte method of o':} gen determmation (lodo- 
metric), as descnbed in Treadwell’s Quantitatne Analjsis, was 
used 

From 3 to 7 cc of eggs were used in each e\penment, but the 
actual a olume of the eggs n as not measured until after the 0x3 gen 
deternnnations 

We tried a number of methods for filling the determmation flask 
and sample bottles anthout an uncertain loss or gam of 0x3 gen 
Loeu collected the water m the sample bottle imder petroleum 
Although petroleum absorbs fla e times as much 0x3 gen as ai ater 
does, the od would tend to reduce currents adjacent to the air- 
water surface, and thus reduce 0x3 gen exchange Usmg paraffin 
oil, we found that it was extremel3 difficult to prea ent a httle oil 
from stickmg anthm the flask, and abandoned the method Per- 
haps kerosene a\ ould haa'e worked better, 3 et the quantit3’' of kero- 
sene that would dissolve m the water might autiate the experiments 
Since the sea water and the solutions a\ ere shaken up and satu- 
rated with air at the given temperature before begummg the exper- 
iment, the control sample might haae been taken under air, aaith- 
out change But after loss of 0x3 gen m the determmation flask, 
a gam m oxygen would result from such treatment B3 mtro- 
ducmg the solution through a tube passmg through a doubh 
perforated stopper, and extendmg to the bottom of the sample 
bottle, the exposed surface of the water was made as small and 
quiet as possible By mamtammg a constant rate of flon the 
error could be made to bear an approximately constant ratio to the 
oxidation, no matter whether the sample bottle was filled with air 
or some other gas We tned the effect of mtroducmg the sample 
under au, and also under hydrogen, and decided that the latter 
method was preferable for oxygen-low samples In order to make 
all errors fall m the same duection we also collected the ox3’’gen- 
high samples under hydrogen 

The experiments were so regulated that the ox3’-gen content of 
the determination flask at the end of the exposure would not fall 
ver3 low However, Warburg failed to observe a decrease m the 
rate of oxidation m low 0x3 gen concentration 

The water was forced out of the determmation flask rapidly mto 
the sample bottle b3 h3 drogen under pressure The determmation 
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flask held 332 cc , the two sample bottles 152 and 142 6 cc respec- 
tively 

The deteimination flask was placed in a thermostat which was 
kept 2° above the temperature which the air had reached at the 
beginning of the experiment In most cases the time of exposure 
was one hour During the flrst half-hour the eggs were distributed 
throughout the solution once every flve minutes by rotating and 
rocking the flask, duiing the last half hour they were allowed to 
settle to the bottom 

Although the majority of the eggs settle to the bottom in ten 
mmutes, at the end of one-half hour there are always a few which, 
on account of swelling or fragmentation, have failed to precipitate 
To prevent these going over into the sample bottle and causing 
an error due to absorption of iodine, Loeb placed filter paper over 
the outlet We found that a relatively hard filter paper was neces- 
sarj’' to retain all fragments of eggs, and that this interfered mth 
the rapid transfer of the solution The error due to eggs in sus- 
pension IS negligible, especially since it was practicall}’’ constant 
in all of our experiments For mstance a sample bottle filled with 
water contained 8 09 parts per million of oxygen, while water from 
the same jar run into a sample bottle m which had been placed 
about one-hundred times as manj'’ eggs as the water from the deter- 
mination flask, contamed 7 85 parts per million, an error of 0 24 
parts per rmlhon due to eggs in suspension As in our experi- 
ments, differences of 0 1 — 3 0 parts per million were obtamed, an 
error of 0 024 parts per million would not reverse the results 

When the eggs were fertilized or placed m parthenogenic solu- 
tions they lost sufficient red pigment (McMunn's Echinochrome) to 
color the water a straw yellow In order to ascertain whether this 
organic matter would Autiate the results, we took tw 0 sample bottles, 
into one of which was placed a mass of elaeocytes contaimng about 
fifty times as much echinochrome as is lost from the eggs in one 
expel iment, and sj^ihoned into each tap water from the same 
jar Tap water causes these cells to liberate their pigment The 
bottle contammg wmtei only, was found to hold 6 85 parts per 
million of oxj^gen, while that contaminated b 3 ’' elaeocytes was 
titrated as 6 36 parts per million of o\ 3 ’-gen We repeated this 
using three sample bottles Tvo of these filled vath water gave 
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6 86 and 6 91 parts per million respectn elj' and the third contamin- 
ated mth elaeoc3ies liberating about one hundred times as much 
pigment as is hberated in the exTenments i\nth eggs, gave 6 09 
parts per milhon as the titration, showing an error of 0 8 parts per 
milhon Probablj this loss was due chiefly to the broken up 
cells, but if due entirelj to the pigment, the error in our evpen- 
ments would be onlj 008 parts per million 
In experiment 3, the eggs were divided mto two equal portions 
and placed simultaneouslj’’ m two determination flasks of equal 
capacitj Therefore the eggs m the two solutions were m the same 
stage of npeness In each of the other expenments the eggs were 
all placed m one flask and treated successively with the various 
solutions In case of fertilized eggs Warburg observ ed^ that the 
oxidation rate rose steeply from fertilization to the 2-cell stage then 
graduall3'’ to the 64-cell stage In order to determme whether this 
would be a great source of error on our expenments, we measured 
the 0X3'gen used by a mass of fertilized eggs m sea-water durmg 
successive penods m the first six hours of development, and found 
it to var3 from 7 93 to 9 76 tenths of a milhgram (Table 7) With- 
m the duration of the majonty of our expenments, howex er, the 
vanation was onl3' from 7 93 to 8 96 tenths of a milhgram or 11 5 
per cent, and would be less between successive exposures This 
possible source of error would not reverse the results of the major- 
it3^ of our experiments 

In makmg solutions of the same alkalmit3'^ as the sea water, a 
colonmetnc method was used, with phenolphthalem as mdicator 
At the end of the season, the sea water was diluted with heai^ 
rams and failed to color phenolphthalem The eggs behaved 
abnormall3'’, though whether this was due to the decrease m alka- 
lmit3 or salmit3 of the sea water or to some other cause was not 
detemuned 

In makmg the eggs parthenogenetic with carbon dioxide, they 
were placed with a small quantity of sea water m a “sparklet 
S3’phon’' and charged under shght pressure for about one mmute 
At the end of five mmutes they were poured mto a large volume of 
sea water and this was syphoned off and fresh sea water added 


‘Warburg Zciischr f physiol Chem,U,p 443, 1909 and Zoc ctl 
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RESULTS OF EXPERIMENTS 

I Experiments mill Unfertilized Eggs 

TABLE 1 

Oxidation in neutral van’t Hoff’s solution contrasted with that in neutral 

A^aCl solution 


EXTEniMENT 


SOLUTION 

USED 


r Neutral 

First period van't 
[Hoff 


Secondp»r,od|N»^j‘™'| 4 



30 2 49 


No "fertih- 
z a t 1 0 n 
membrane" 
formed 


TABLE 2 

Oxidation in neutral van’t Hoff’s solution contrasted with that in sea water 
and alkaline NaCl solution 


experiment 


SOLUTION 

USED 


( Neutral 
van’t 
Hoff j 
Second period Sea water 


Third period 


“ NaCl 
+-OH 
ions 


Fourth period Sea water 



"Fertiliza- 
tion mem- 
branes” in 
very small 
per cent 
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TABLE 3 

Oxidation tn sea icalcr contrasted with that in all aline NaCl solution 


EXPERIilEVT 


SOLtmON 

USED 


- f ts 


I One-haK 
of eggs 

Second half 
of eggs 

II First 
penod 

Second period 

III First 
penod 

Second penod 


Sea water 

yXaCI ] 
+ -OH [ 
10 ns 1 


Sea water 
NaCl ] 

U-OH I 
lions J 


*C tnin 

23 30 


30 4 SO 


23 30 30 6 90 


24 5 35 25 3 3S 


24 5 35 25 7 SO 


Sea water 4 5 24 30 30 6 04 


^JNaCl ] 

+-OH 1 4 5 24 30 


30 6 47 


“Fertiliza- 
tion mem- 
brane” 
formed 

“Fertibza- 
tion mem- 
brane” 
formed 


“Fertiliza- 
tion mem- 
branes” in 
verj small 
per cent 


TABLE 4 

Oxidation in sea water contrasted with that in neutral NaCl 



30 


30 

30 


1 66 


Ibid 
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TOUSLE 5 


Effect of COi-parlhcnogcncsis on oxidation Effect of fertilization 


E'CTERIMENT 

sOLtrriON 

USED 

b 

0 

0 w 

a (4 

K -- 
K to 
<2 
u c 

« H 

b 

ll 

p to 
a 

b 

ii 

« H 
b ® 
a 

Q 

a 

CO 

p 

2 

P 

0 

E 

0 

REiUHEB 



ce 

°c 

mm 

mm 

mg 


I First 






10 


^period 

Sea water 

4 5 

23 5 

30 

30 

4 5S 









“Fertihza- 

After CO2 







tion mem- 

treatment 

Sea water 

4 5 

23 5 

30 

30 

6 00 

branes” in 








1 small per 


1 






[ cent 

II First 








period 

Seawater 

4 5 

24 

30 

30 

4 11 


After COj 







f Good mem- 

treatment 

Sea water 

4 5 

24 

30 

30 

9 91 

< brane 

HI First 







[ formed 

period 

Sea water 


25 

30 

30 

2 52 


After fertili- 







r OS per cent of 

zation 

Sea water 

5 

25 

30 

30 

12 94 

1 eggs seg- 








[ mented 


STOiaiART 

1 The presence of “OH ions in the medium, increases the rate 
of oxidation in fertilized eggs of the sea urchin 

2 The oxidation rate of unfertilized eggs is increased by fer- 
tilization or any treatment which causes them to develop partheno- 
genetically 

In 1 and 2 we merely confirm and ex-tend the observations of 
Warburg 

3 Smce it was shown by the senior author that fertilization or 
parthenogenesis means increased lomc permeability of this egg, and 
that the Fundulus egg, even after fertilization, is impermeable to 
“Cl ions, the mcrease m permeabihty probably applies so far as the 
anions are concerned, to “OH and “HCO3 or “CO3 10 ns The car- 
bomc acid amons are more concentrated mthin, and their outv ard 
diffusion would cause a potential gradient which v ould pull other 
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II Expcnvients with Ferlihzed Eggs 

TABLE 6 


Oxidation in neutral van’i Hoff’s solution contrasted unth that in sea water 
and all aline NaCl 


EXPEEniENT 

SOLUTION 

USED 

U 

o 

§ = 

o 

> 1 

S f* 
s: < 

C ^ 

b. 

Sg 

o s 
»:£ 

< E 

C H 

13 « 

C 

1 

°o 1 

51: 

S b. 

D ® 

a 

C 

u 

c 

s 

>< 

o 

fi£l£JLSE3 



cc 

•c 

^n\n 

m\n 

WTT /lO 



I First 

[Neutral 1 







'Contained 

penod 

{van’t [1 

! 36! 

23 

30 

30 

6 47 


some sea 


[Hog J 

1 


i 



1 

i water 

Second penod 

Sea water 

3 6 ) 

23 

30 

30 

7 43 



Third 

[“NaCl 1 








penod 

+ -OH 

3 6 

23 

30 

30 

12 2S 



Fourth 

[ions J 




1 



fVery few 

penod 

Sea water 

3 6 

23 

30 

30 

5 97 


eggs dead 









rEees washed 

II First 

f Neutral 

1 






m van't 

penod 

•j van’t 

4 1 

23 

30 

30 

3 91 


Hog sol 


[Hog 







and ferti- 









lized in it 

Second penod 

Seawater 

4 

23 

30 

30 

7 17 




'^INaCl 1 








Third penod 

+ -OH [ 

4 

23 

30 

30 

7 53, 



^lons J 








Fourth penod 

[j Seawater 

4 

23 

1 

30 

30 

6 27j 



amons, hence ~OH 10 ns, into the egg, thereby increasing the inter- 
nal concentration of "OH 10 ns This increase m "OH 10 ns proba- 
blj causes the increased oxidation 

4 The increase of "OH 10 ns in the medium causes even m 
unfertilized eggs, an mcreased oxidation This is not mterpreted 
as mdicatmg that the unfertilized egg is normallj permeable to 
"OH 10 ns, but that mcreased alkalimty causes mcreased permea- 
bihtj' 

5 Increase m permeabdity is a gradual process Begmnmg 
Math the relatixely impermeable unfertibzed egg, and denotmg 
degree of permeabihtj’- bj numerals, vre have the follovrmg senes. 
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TABLE 7 


Effect of alkaline NaCl on oxidation six hours after fertilization 







b 

a 



FXPEnniCN'T 

SOLUTION 

USED 

O 

z *0 
^2 
w ^ 

0 E 

§5 

23 

CQ 

p 

u 

o 


REMARKS 



o ” 



« w 






> 


a 

Q 

o 





cc 

•c 

mtn 

mtn 

mp 

10 

1 

Thirteen 

First period 

Sea water 

7 

22 

20 

30 

S 90 


minutes 

1 after ferti- 
lization 

Second period 

Sea uator 

7 

22 

1 20 

30 

S 96 

2-cell stage 

Third period 

Sea water 

7 

22 

20 

30 

S 33 

4-celI stage 

Fourth period 

Sea V ater 

7 

22 

20 

30 

7 93 

16-cell stage 

Fifth period 

Sea water 

7 

22 

20 

30 

8 13 

32-celI stage 

Sixtli period 

Sea water 

7 

22 

20 

30 

9 76 

Manyretarded 

Seventh 

r^^NaCl 1 







Many blas- 
tulae 

period 

+ -OH 1 

7 

22 

20 

30 

13 77 

{ 


[ions J 







Eighth period 

Sea water 

7 

22 

20 

30 

S 9S 

All alive 


I slightly increased oxidation, II greater increase in oxidation 
rate, and imperfect "fertilization membrane" formation, III oxi- 
dation still further increased, membrane formation perfect, fol- 
lowed by segmentation of the egg, IV, ditto except that oxidation 
IS still further increased, and the eggs die sooner or later if oxida- 
tion IS not reduced, V oxidation enormous, membrane formation 
but no segmentation, premature death 

It IS supposed that the primar}”- effect of many toxic substances 
IS an abnormal increase m the permeability of the egg, and ferti- 
lized eggs are more susceptible because thej'' are already more per- 
meable than unfertilized eggs 


CREATINE AND CREATININE METABOLISM 
BY CHARLES G L WOLF 

(From the Medical Clinic of the Unucrstly of Heidelberg, Germany ) 
(Received for publication, Xo\ ember IS, 1911 ) 

In a recent number of this Journal, Mendel and his pupil Rose' 
hate contributed a senes of papers deahng with the excretion of 
creatmine and creatme In this senes an attempt has been made 
to connect the excretion of creatme m the urme with carbohy- 
drate metabolism 

Durmg the last six years I ha\e been engaged m studies of nor- 
mal and pathological metabolism, mamly directed to the obsen a- 
tion of the two components of the unne which were described bj 
Fohn as bemg associated with endogenous metabolism, \uz , the 
rest mtrogen and creatinme, and at the same time I have de\ oted 
nearlj equal attention to the compound so closelj connected 
chenucally with the latter, luz , creatme - 
In the course of this work, I ha\e collected a considerable 
amount of information which tends to modify Alendel’s mews 
That under-nutntion, especially with reference to carbohj- 
drates does mduce the excretion of creatme m the urme is not 
questioned The excretion of this substance is apparentlj’- not 
associated with deficiency m the mtrogen intake This is shown 
in the results obtamed by Osterberg and mj’^selP bj feedmg calon- 
callv sufficient amounts of fat and carbohj drates with mini mal 

^ Mendel and Rose This Journal, x, pp 213, 240, 1911 
* Those mi estigations m which the excretion of creatme has been obsen ed 
m pathological conditions or with coincident fasting do not properly belong 
to the present discussion For completeness, thej are mentioned here 
BromienroJ, Marnott and Wolf Biochem Zeilschr ,yu,p 213, 1907, Hydro- 
'•i/anic acid, Loewj and Wolf Biochem Zeilschr , viu, p 132, 1908,Cyslin- 
iina,Bolf and Shaffer this Journal, iv, p 439,1905, Carbon monoxide, V,oU 
and Osterberg Biochem Zeilschr xvi, 476, 1909, Addison’s Disease, Wolf 
and Thacher Archives of Inlemal Medicine, m, p 435, 1909 
’ Osterberg and Y olf Biochem Zeilschr , v, p 304, 1907 
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Creatine and Creatinine Metabolism 


amounts (0 204 gram) of nitrogen In this case no creatine ap- 
pears 111 the urine In mj'- last paper on the subject^ it is shown 
that tlie creatine induced by starvation may be made to disappear 
bj'' administeiing caloncally insufficient amounts of caibohydrates, 
while fats do not have this effect 
In the papers of Mendel and Rose above quoted it is shovn that 
in the rabbit proteins do not have the effect of causing creatine 
which has been established by starvation to disappear from the 
urine Relymg on the evidence furnished by Cathcart for man that 
proteins do not prevent its appearance in carbohydrate hunger, 
thej'" doubt the statement made by me at the December meeting 
of the Societ}’’ of Biological Chemists in 1907 that pure protein 
feeding m the dog causes the disappearance of creatine from the 
urme aftei starvation Apart from the fact that the actual 
results were at the disposal of the members of the society at that 
time, the recently published results indicate that the judgment of 
Mendel and Rose is at fault It would seem to be unwise to draw 
inferences as to the metabolism of the dog from the behavior of 
man and the rabbit We are already acquainted with a case, 
viz , acidosis, where the behavior of the dog is in no way compara- 
ble to that of man and the pig 
That protein, in the form of coagulated serum albmnm washed 
free from any extractives, in an amount 39 per cent gross of the 
energy reqmrements — in realit 3 '^, however, providing only 29 per 
cent of the caloric need — is sufficient to cause the disappearance 
of creatine from the urine is shown m mj^ last paper be 3 '’ond the 
limits of reasonable question Only when a large quantity of meat 
was fed, m animal 381, were 64 mgms of creatine nitrogen 
excreted With the considerable quantity of creatine-contammg 
food ingested this was not an unex-pected result 
That carboh 3 '-drate msufficiency is alone responsible for the 
appearance of creatine m the urine is rendered improbable by some 
of the results wdiich wmre obtained in my former laborator 3 f dur- 
mg the 3 mars I wmrked there at this problem 
In any discussion of creatine, it is most necessary, as it is m a 
discussion of acidosis, to be quite certain m decisive cases that the 
amount of food is w^ell above the energy requirements of the body, 

iWolf Biochem Zeilschr 329,1911 
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and that the amount of carbohjdrate is sufficient Furthermore, 
ive maj take it as necessarj that creatme-containmg foods shall 
be excluded from the diet 

In an investigation of daj and night urmes reported m this 
Journal,^ a subject vrhose weight was constant throughout the 
experiment, and who partook mainly of cereal foods, excreted 
creatme throughout the period of exammation 
Other cases may be cited where the amount of food was more 
than sufficient to compensate for bodily loss under ordmarj con- 
ditions, and where a large amount of carbohjdrateswas giien, and 
jet creatme was found m the unne For example m case 18 of 
mj paper with Enmg,- a patient weighmg 71 kdos received arrow- 
root starch, nee butter and chicken broth (possiblj' not quite 
creatme-free) amounting to 1641 calones and still excreted con- 
siderable quantities of creatme m the unne This was undoubt- 
edh a case of under-nutntion, but certainly not to the extent 
which occurred with the dogs mentioned in mj’’ last paper 
Much more conclusive cases maj*^ be cited from the work of 
Lambert and mj^self^ In case 12, a patient with pneumonia 
of a sei ere tj-pe, the patient received 2500 calones per daj m the 
form of a creatme-free diet and excreted large quantities of crea- 
tme through the unne This case is compared m the same paper 
mth a case of mdd pneumoma nhere a patient receivmg the same 
diet excreted no creatme m the unne The new is expressed m 
this paper that creatme maj" be excreted m severe cases of pneu- 
monia, irrespective of the calonc value of the food mgested 
This new is supported bj^ the behanor of the second carbohj-- 
drate fed animal m my last paper This animal was obviouslj' m 
a pathological condition, and died durmg the course of the expen- 
ment Although this animal recened the same ration per kilo 
as the first, creatme was constantly present m the unne It 
would seem that the pathological condition of the animal, and not 
the presence or absence of carbohj drates m the food was respon- 
sible for the creatme excretion m this animal 
One of the best examples of the independence of the creatme 
excretion of the carbohj'drate metabolism is to be seen in the cases 

^ Osterberg and Wolf This Journal, m, p 165, 1907 
^ Ewing and Wolf Archives of Internal Medicine, iv, p 330, 1909 
M olf and Lambert Archives of Internal Medicine, v, p 406, 1910 
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of rickets examined by Schwarz^ in my laboratory Rose finds, 
contrary'' to Sclnvaiz, that children of five and over excrete crea- 
tine m the urine The evidence produced by Rose is not con- 
clusive, and for the following reasons In the first place the term 
perfectlj'’ normal” is one that cannot be accepted vnthout further 
facts to show that such is really the case Secondly, and more 
important, any results which are accompamed by the statement, 
“ it IS impossible to obtain mformation regarding the amount and 
Icmd of food eaten by the children” cannot be accepted without 
question Obviously, in a situation w’'here under-nutrition and 
the influence of creatine-contammg foods may play so great a 
part, one cannot use results obtained from “city orphan homes 
or private families where the subjects of the experiments were 
ingesting more or less meat ” An illuminating example of this 
type will be seen m the wmrk of Williams and WolP on creatine 
excretion in cystinuria In a series of analyses where no creatine 
was found, the subject “ate turkey” and immediately, 0 043 
grams of creatine nitrogen appeared in the urine 
The data of Schwarz are of another character Only one nor- 
mal case was exarmned Thecreatine-free food of the children was 
analyzed, and the resorption of protem, fat and carbohydrate 
estimated by an analysis of the feces Not only this, but definite 
information is given to show that the children were in a positive 
nitrogen balance and gamed weight throughout the experiment 
In the cases of rickets examined, all excreted creatine, while the 
normal child was signalized bj'- an absence of this compound from 
the urme Between the completeness of the observations of Rose 
and of Schwarz there can be no choice In the one case, the obser- 
ver has acknowledged that he could obtain no information regard- 
ing the quantity and quality of the food, in the other all the data 
necessary for a consideration of the problem are available 

The statements of Amberg and MorrilP that sucklings excrete 
creatine in the urme are undoubtedly correct, but Rose omits to 
mention that these subjects received a diet containing both crea- 
tine and creatimne The results cannot therefore be transferred 
to the question of whether older children on a creatine-free diet 
excrete this substance in the urine 

* Schi^ar^ Jahrbuchfur KindcrheilLunde, Ixxu, p 549, 1910 
“ Wilhflins and Vt olf This Journal, vi, p 337, 1909 
^ Amberg and Morrill This Journal, iii, p 311, 1907 
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Since coming to this laboraton , I ha\ e taken the opportumt} 
to pursue mj studies on rest mtrogcn and creatine-creatimne 
excretion Through the kindness of mj colleague, Dr F Fischler, 

I hai e had placed at mj disposal the large amount of matenal he 
possesses m Eck fistula dogs These studies are naturallj only 
m their beg innin g, but I am able to state that the changes which one 
observ es in these animals are merelj quantitatii e in tj’pe, not how- 
ei er for the reason which Mendel and Rose suggest If these ob- 
seners assume that the “hepatic function is entirel3 remoied” 
the} take a position, uhich, so far as I am auare, is not shared with 
them bj anj other physiologist todaj As Fischler has pomted 
out, the artenal supply of this organ, after the \ ena portarum has 
been ligated, and connection between this vessel and the lena 
cai a established, is qmte sufficient to provide for all conditions of 
ordinal} cell metabolism and nutrition This is shown by the 
fact that the hi er undergoes fatty degeneration as quickly and as 
completely m Eck anunals as m the normal * The quality^ and 
secretion of the bile is not markedly' altered, and the tolerance for 
carbohy drates is apparently unchanged - Hence the discussion of 
the results of London and Boljarski and of Foster and Fisher 
by iMendel and Rose loses some of its force 

IMendel and Rose have made an experiment with a phlondzm- 
ized dog to show the influence of glycogen upon creatme excre- 
tion Their results are anomalous, and they state that no ade- 
quate explanation is apparent They find that m a dog previously 
subjected to the influence of phlondzm the creatine disappears and 
reappears m an arbitrary way In so far as I am aware, this 
experiment stands alone in the literature of creatme excretion m a 
fastmg dog IMy^ own experiments® seem to show that the crea- 
tme excretion during the course of fastmg, and during the admmis- 
tration of phlondzm is much more regular m its behaxnor In one 
of my own experiments where the animal died during the first 
four day s of treatment with phlondzm, the creatme excretion out- 
stnpped the total nitrogen excretion, m that the creatme-total 
nitrogen ratio rose Here it would seem that that creatine excre- 
tion was mdependent of the gly cogemc function and was influenced 

'Fischler Proc Ji'afur/orschcr and Arize, Karlsruhe 1911 

- Fischler Dculsch Arch f J hn Med , civ, 1911 

® Wolf and Osterberg Amer Journ of Physiol , xxv^u, p 71,3911 
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by other factors indicating a special pathological metabohc pro- 
cess 

In view of the above considerations, I am led to beheve that the 
explanation for the excretion of creatine in the urme will not be 
found to reside alone in a disturbance of the carbohydrate metab- 
olism, nor in a disturbance of the liver, but that other processes 
are contributing to this end In the course of the present winter, 
I hope to be able to show that tins is the case 



CREATINE AND CREATININE METABOLISM IN DOGS 
DURING FEEDING AND INANITION WITH ESPECIAL 
REFERENCE TO THE FUNCTION OF THE LIVER 

Bt C TOWLES Jts-D C VOEGTLDs 
[From the Pharmacological Laboratory of the J ohns Hoplnns University ) 
(Received for publication, November 27, 1911 ) 

Certain, authors haie designated the hver as the organ chiefly 
concerned mth the metabolism of creatmme London and Bol- 
jarsfa' hai e gii en a t erj' bnef and imsatisfactorj report upon the 
subject, m an article tvluch appeared dunng the progress of our 
work, which was done durmg the winter of 1909-1910 
It seemed adiisable, therefore, to ascertam what hght an exami- 
nation of the creatimne excretion m the Eck-fistula dog would 
throw upon the subject 

The object of these mvestigations was to detenmne the fate 
of creatimne and creatme when fed or subcutaneously mtroduced 
mto normal and Eck-fistula dogs, on a creatme-free diet and dur- 
ing stanation 

The operation for the Eck-fistula was performed accordmg to a 
modification- of Pawlow^s operation ’ As is well known the Eck- 
fistula consists, m brief, of an anastomosis of the portal vem with 
the infenor vena cava, and a hgation of the former at the liver 
hilus Smce the hepatic arterj remains mtact under these con- 
ditions, the hver tissue is supphed with artenal blood, but the 
blood from the spleen, pancreas, stomach and mtestmes which 
contains the products of splemc and digestive activity is not 
allowed to diffuse through the Iner substance It is earned 

’ E S London and N Boljarski Zeitschr f physiol Chem , Ixu, p 467, 
1909 

’ B M Bemheim, John Homans and Carl Voegtlm Journ of Pharmacol 
and Exp Ther , i, p 463 1910 

’We are indebted to Dr Bemheim for performmg the operations on the 
dogs that were used in these experiments 
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directly through the vena cava to the heart Though the blood 
suppb'- from the hepatic artery is relatively small, it appears to 
be adequate for keeping up the vitality of the liver cells 

Our mtention was to determme the reaction of the same organ- 
ism to the various conditions mentioned, but most unfortunately 
this was rendered impossible by the death of the ammal before ne 
had completed the observations As the season, was, at that time, 
too far advanced to perform the complete experiment on another 
dog, ve were compelled to make our observations on seieral 
animals 

The creatine used m these experiments was prepared from mus- 
cle and did not contain creatinine The creatmme was obtained 
from human urine following the directions of Fohn ^ For the pun- 
fication of this substance we found it advantageous to dissolve 
the creatmme m a small volume of warm 75 per cent alcohol 
and to precipitate this solution, after cooling, with ether The 
first fractions thus obtained are absolutely free from creatine 
as far as could be determmed by Folm’s colorimetric method 
This latter method was also used for the estimation of urinary 
preformed and total creatmme Total nitrogen was determined 
by the Kjeldahl method The unne was collected m 24-hour 
periods by catheterization 

^ 0 Fohn Zeitschr f physiol Chsm , vh, p 221, 1904 
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TABLE I 

BlacI and white iemcr — 1\ ortnal No 1 
Food 500 cc milk 300 cc water dailj, given bj stomach tube 



50 

P 


u 


CC 

m93 

mgt 

January 




10 

290 

136 

136 

11 

300 

141 

141 

13 

355 

140 

140 

14 

380 

167 

167 

16 

275 

140 

140 

17 

330 

140 

140 

18 

320 

139 

139 

19 

270 

138 

138 

20 

395 

290 

188 

21 

370 

204 

166 

22 

340 

131 

131 

23 

360 

138 

138 

24 

390 

150 

150 

25 

460 

303 

168 

26 

280 

107 

107 

27 

360 

132 

132 

28 

320 

102 

102 

29 

350 

123 

123 

30 

410 

138 

138 

February 




3 

365 

169 

169 

4 

150 

75 

75 

5 

335 

124 

124 

6 

335 

125 

125 

7 




8 

300 

115 

115 

9 

300 

115 

115 

10 

320 

123 

12 ; 

U 

326 

133 

121 

12 

260 

83 

K 

13 

300 

71 

Z 

14 

260 

83 

s: 

15 

215 

62 

6 

16 

275 

129 

12* 


f On January 20, at 4 p m , 
received bj subcutaneous 
I injection 60 cc of a creatine 
solution = 0 547 gram of 
creatine expressed as crea- 
timne 

On Januarv 25, at 3 30 p m , 
received by subcutaneous 
injection 60 cc of the same 
creatme as before = 0 547 
gram of creatme expressed 
as creatmme 


On Februarj 11, at 12 30 p m 
received by subcutaneous 
mjection 50 cc of the same 
creatme solution = 0 456 
gram creatme expressed 
as creatmme 
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TABLE I — Continued 


DATE 

^ H 

p 

W 

H 

P 

0 5 
gg 

gg 

(U 

gSi 

gsS 

gse 

g 

» 

0 

0 

H 

g 

0 

n 

NOTES 


cc 

mffs 

7nffs 


fframs 



February 








17 

220 

111 

111 

0 




18 

335 

141 

141 

0 




19 

3G5 

118 

118 

0 




20 

275 

106 

106 

0 




21 

325 

116 

116 

0 




22 

245 

109 

109 

0 



February 26, 3 30 p m , 

23 

300 

121 

121 

0 



received subcutan- 

25 

300 

127 

127 

0 

2 

7,000 

ously 50 cc of crea- 

26 

360 

278 

146 

133 

2 1 


tine solution = 0 456 

27 

210 

124 

124 

0 

1 1 


gram creatine ev- 

28 

260 

119 

119 

0 

2 0 


pressed as creatinine 

March 








1 

250 

138 

138 

0 

2 0 



2 

290 

93 

93 

0 

2 0 



3 

370 

124 

124 

0 i 

2 2 



4 

290 

103 

103 

0 

2 0 


[March 7 10 am fed 

5 

250 

107 

107 

0 

1 9 


6 

325 

94 

94 

0 

1 9 


50 cc creatine so- 

7 

270 

227 

101 

126 

1 8 


lution in mill. = 0 - 

8 

270 

128 

128 

0 

2 1 


456 gram creatine in 

9 

300 

119 

119 

0 

1 7 


terms of creatimne 
March 10, fed 50 cc 




! 


1 9 


creatinine solution 

10 

380 

206 

206 

0 


in milk = 0 275 gram 

11 

325 

94 

94 

0 

2 0 


creatinine 








[March 12, subcutane- 








ous injection of 50 

12 

13 

300 

285 

273 

138 

240 

85 

33 

53 

2 4 


• cc of same creatimne 
solution = 0 275 

14 

300 

89 

81 

8 



gram 


April 

3 

5 

5 

6 


Expenment discontinued until April 


650 

144 

144 

0 


9,100 

620 

131 

131 

0 



610 

124 

124 

0 



722 

178 

178 

0 

3 3 
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TABLE I— CoNTivuTD 


DATE 

Kg 

7. D 

Eo 

p 

U 

2 

S 

H 

< 

2" 

0 “ 

H 

H 1 
c2 

M Z 

a M 
2w 

^ c= 

E u 

E 

M 

a:| P 

»Pu 

u 

Z 

a 

c 

0 

9 

NOTES 


cc 

jngs 

mgt 


gnnu 



Apnl 








7 

709 

100 

100 

0 

2 5 



8 

627 

150 

150 

0 

3 2 



9 

641 

113 

113 

0 

2 5 



10 

i 638 

137 

137 

0 i 

2 0 



11 

590 

150 

150 

0 ! 


8,900 


13 

720 

102 

102 

0 1 

1 1 



14 

640 

125 

125 

1 0 1 

1 1 



15 


113 

113 

' 0 

; 1 3 


L 

16 

670 

150 

150 

. ' 

0 ! 

1 1 5 



April 18, Subcutane- 

17 

680 

158 

15S 

1 0 

13 9 1 

8,500 


ous injection of 0 5 

18 

766 

326 

326 

1 0 

13 0 



gram of unnarj ere- 

19 

575 

111 

1 111 

0 

i 2 4 



atmine solution, by 

20 

540 

112 

' 112 

1 0 

2 8 



1 colorimeter = 0 242 





j 




[ gram 









'April 21 Fed 0 272 

21 

680 

328 

j 283 

1 45 

3 2 



gram of same creat- 

22 

590 

109 

1 109 

1 0 

3 2 



mine as above 

23 

400 

135 

1 133 

' 0 

1 4 

8,50C 

1 

April 25 Fed 0 5 

24 

640 

157 

1 157 

' 0 

2 8 



gram of creatme in 

26 

786 

233 

176 

1 67 

4 0 



50 cc of vrater = 

26 

530 

112 

96 

16 

2 1 



0 456 gram creatme 

27 

470 

162 

145 

1 17 

3 1 



m terms of creatm- 

28 

590 

86 

86 

1 0 

1 8 



[ me 

29 

580 

112 

1 112 1 0 

2 3 

8,30C 

) 
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TABLE U 


Ech Fistxda made on April SO 


DATE 

VRlSATl'i OUT- 
PUT 

U 

r 

sc 

H 

0 2 

W z 

£» 

gs 

b 

w°e: 

?• 2 H 
5 c U 

i"5 

U 

■ 

FOOD 

H 

S 

0 

» 


ec 

7ng& 

mgs 

mgs 

grains 

CC 

grams 

May 








2 

485 

253 

147 

106 

2 25 

Milk, 900 

7,750 

3 

470 


164 

none 

2 25 

Milk, 900 


4 

460 

139 

108 

31 

2 22 

Milk, 900 


5 

335 


115 

none 

3 17 

Milk, 600 


6 

230 


92 

none 

3 40 

Milk, 450 


7 

140 

87 

76 

11 

2 10 

Milk, 450 


8 

250 


95 

none 

2 90 

Milk, 330 


9 

170 

78 

66 

12 

1 83 

Milk, 270 

7,300 

10 

125 


104 

none 

2 08 

Water, 100 + milk, 400 


11 

280 


67 

none 

1 08 

Water, 100 + milk, 400 


12 

400 1 

82 

60 

22 

1 82 

Water, 100 + milk, 400 


13* 

430 


67 

19 

2 67 

Water, 100 + milk, 400 

j 

14 

280 


53 

none 

1 54 

Water, 100 + milk, 400 


15 

400 


68 

none 

1 56 

Water, 100 + milk, 400 


16 

190 


42 

none 

1 16 

Milk, 700 

6,950 

17t 

320 


96 

26 

1 68 

Milk, 550 


18 

429 


77 

17 

1 S3 

klilk, 550 


19 

440 


76 

none 

1 88 

Milk, 550 


20 

340 


65 

none 

1 06 

Milk, 550 


21t 

435 

99 

66 

44 

1 48 

]\4ilk, 550 

6,920 

22 

380 


75 

none 


Milk, 550 


23 

470 


74 

none 

1 57 

Milk, 550 


24 

440 

104 

49 

55 

1 87 

Milk, 550 


25 

350 


85 

none 

1 90 

Milk, 550 


26 

430 


81 

none 

1 98 

Milk, 550 


27 

390 


69 

none 

1 79 

Milk, 550, Sugar,50gms 


28 

340 


91 

none 

1 76 

Milk, 550, 50 grams 

6,350 







casein 


29 

400 


98 

none 

2 00 

Milk, 500, 50 grams 








casein 


30 

345 


84 

none 

2 22 

Milk 50, 500, Water 



• Fed 0 456 cram of creatine In terms of creatinine 

t Subcutaneous Injection of 0 456 eram of creatine In terms of creatinine 
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TABLE III 


Ed Fistula Dog Ko S 

Fed on 700 cc milk -f 300 cc H* O + 10 grams of Ca-lactate dailj (Same 
as stan ation dog No 3 and 4 ) 


DATE 

tnirsART 
ovTTzrr : 

TOTU, I 

IREATDdVEjt 

■REPOmrrDi 

rREVtUCCxEiJ 

CREAnVE 

N TERMS or 
niEATJVrSE 

TOTAE 

VTTBOOES 

■vnacHT 


ec 

mffs 

mgs 

mgs 

grams 

grams 

June 







10 

810 1 

163 

163 

0 

3 42 

8,700 

11 

625 

159 

159 

0 

3 15 


12 


159 

159 

0 

3 15 


13 


157 

157 

0 

3 41 


14* 


331 

331 

0 

3 05 


15 


174 

174 

0 

2 88 


16 

680 

129 

129 

0 

3 46 


17 

745 

120 

120 

0 



18 

735 

123 

123 

0 

1 

8,400 

19t 

750 ' 

303 

1 303 

0 



20 

750 

135 

i 135 

0 



21 

650 

131 

j 131 

0 



22 1 

720 

' 140 1 

140 

0 



23t 


164 

164 

0 



24 


174 

174 

1 0 

3 72 ) 


25 


141 

141 

1 0 



26 


159 

159 

0 

3 06 


27 


135 

135 

0 



28 

740 


123 

0 

2 65 


295 


229 

174 

65 

3 21 


30 

650 

169 

155 

14 

2 45 


Julj 







1 

565 

123 

123 

0 

2 91 


2 


mm 

136 

0 



3 


■n 

171 

0 

1 74 


4** 


603 

603 

0 

2 73 

8,000 

5 


mm 

172 

0 

2 77 


6 


■a 

117 

1 

0 

3 06 



* Subcutflnooos 50cc creatinine solallon 245 mgs creatinine 
t FedSOcc creatinine solution 245 mgs creatinine 
I Fed 0 6 creatine «* 350 mgs creatine in terms of creatinine 
{ Subcutaneous 0 5 creatine «» 3S0 mgs creatine In terms of creatinine 
Fed 7C0 mga of creatinine 
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TABLE I\' 

Starvation No I Later found to be pregnant 


DATE 

TTniNiRY OUT- 
PUT 

u 

T 

5 

P 

<1 

« z 
o ^ 

gg 

b 

see 

ggg 

o 

3 

: 

: Q 

« o 

I o 

I jj « 

: V H 

: z 

N 

FOOD 

h 

a 

0 

u 


cc 

nips 

viga 

mg$ 



prams 

April 








24 

210 

57 

47 

10 


300 cc water by stom- 
ach tube 

9,340 

25 

280 

98 

87 

11 

2 21 

300 cc water by stom- 
ach tube 


26 

335 

116 

116 

0 

2 11 

300 cc water by stom- 
ach tube 


27 

250 

76 

76 

0 

2 59 

300 cc water by stom- 
ach tube 


28 

200 

147 

119 

28 

1 74 , 

300 cc water by stom- 
1 ach tube 


29 

1 

270 

1 

161 

1 

119 

42 

2 41 

300 cc water by stom- 
ach tube 


30 

250 

145 

129 

16 

2 14 

300 cc water by stom- 
ach tube 


May 








1 

280 

177 

177 

0 

2 97 

300 cc water by stom- 
ach tube 


2 

210 

179 

135 

44 

2 19 

300 cc water by stom- | 
ach tube 


3 

340 

156 

102 

54 

2 77 

300 cc water by stom- 
ach tube 

7,900 

4 

210 

170 

106 

64 

2 46 

300 cc water by stom- 
ach tube 


6 

70 

145 

100 

45 

2 15 

300 cc water by stom- 
ach tube 


6 

150 

173 

126 

47 

2 97 

300 cc water 60 grams 
cane sugar 

7,650 

7 

185 

174 

111 

63 

2 35 

300 cc water 60 grams 
cane sugar 


8 

155 

187 

104 

83 

1 83 

300 cc water 60 grams 
cane sugar 


9 

140 

169 

82 

87 

2 24 : 

300 cc water 60 grams 
cane sugar 


10 

200 

184 

97 

87 

2 43 : 

300 cc water 60 grams 
cane sugar 


11 

155 

189 

93 

96 

2 15 1 

-f- 60 grams olive oil 


12 

220 

216 

71 

145 

2 64 • 

■f GO grams oin c oil / 
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TABLE V 


Slarvalionl^o II SOOcc tcatcr by stomach tube daily 


DATE 

TJETSAKT 
OtTPUT ( 

lOTiL jl 
:REATrVD.E 

prepormedI 

CREATC^'^'E ^ 

CREATINE 

rs TERiis or 

CREATIMN*E 

TOTAL 

KTTROaE: 

T7EIOHT 


ce 

rnQt 

mg» 

m^s 

fframs 

ffrcmt 

February 







23 

45 

132 

132 

0 


8,900 

24 

175 

136 

136 

0 

2 36 


25 

265 

144 

144 

‘ 0 

1 99 


26 

280 

213 

151 

1 62 

2 11 


27 

160 

221 

1&4 

57 

2 99 


28 

210 

212 

206 

36 

2 99 


March 





1 


1 

260 

187 

187 

0 

2 89 


2 

120 

216 

186 

30 

2 73 


3 

280 

155 I 

1 155 

0 

2 53 


4 

250 

168 

168 

0 

1 8 


5 

235 

120 

120 

0 

2 78 


6 

280 

185 

185 

0 

3 58 


7* 

236 

243 

184 

69 

3 60 


8 

240 

216 

144 

72 

1 73 

6,640 

9 

290 

234 

234 

0 

4 33 

10 

235 

154 

154 

0 

2 84 


11 

320 

161 

93 

68 

4 50 


12 

270 

187 

89 

98 

! 

5,900 


• Sabcutanecnis Injection of creatine solntlon 50 cc 0 456 cram In terms of creatinine 
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TABLE VI 

Starvation No III (EcL fistula made later same animal as Eel fistula 
dog fed No II and starved No IV {E eh fistula) 300 ec water daily 


DATE 

uniWAni 
OUT! DT 

TOTAL 

creatinine 

PJIEFOUMEE 

CREATININE 

CREATINE 
.IN TFRM8 01 
'CEREATININ 

TOTAL 

1 NITROGEN 

TVEIOHT 


ec 

mgs 

mgs 

mgs 

grams 

grams 

March 







20 

270 

167 


40 


9,170 

21 

230 

133 


17 



22 

270 

151 


0 

3 19 


23 

210 

154 

131 

23 

2 48 


24 

240 

172 

140 

32 

2 61 


25 

185 

139 

105 1 

34 

1 96 


26 

190 

158 

102 

56 

2 01 

7,820 

27 

230 1 

196 1 

124 1 

72 1 

2 47 i 


28 

190 

160 

107 1 

1 53 

1 69 


29* 

200 

365 

249 

' 106 

1 92 

7,220 

30 

150 

122 

78 

44 

1 50 


31 

235 

72 

72 

0 

2 17 


April 







1 

260 

66 

66 

0 

1 82 


2 

175 

72 

72 

0 

1 56 

6,700 

3t 

300 

164 

128 

26 

2 16 


4 

220 

65 

43 

22 

1 57 


5 

180 

55 

55 

0 




• Subcutaneously 50 co creatinine solution =• 246 mgs creatinine 
t Same amount aa (*) of creatinine by Btomneh tube 


TABLE Vir 


Starvation No IV {Eck Fistula) same as No II Eck fistula fed, and starva- 
vation No III, 500 cc water daily — stomaeh tube 


DATE 

URINARl 

OUTPUT 

TOTAL 

CREATININE 

pbeformee 

creatinine 

CREATINE 
‘in TERMS OF 
CREATININE 

TOT\L 
^ NITROGEN 

WEIORT 


CC 

mgs 

mgs 

mgs 

grams 

grams 

July 






8,000 

7 

450 

146 

146 

0 

2 08 

8 

470 

133 

131 

2 

1 2 93 


9 

450 

139 

126 

13 



12 

350 

180 

124 

56 

3 33 

7,000 

13* 

630 

471 

312 

169 

3 78 


14 

500 

225 

106 

119 

3 61 


15 

455 

184 

SO 

104 

2 76 


16t 

320 

248 

168 

80 

1 96 


17 

490 

197 

96 

101 

2 52 

6,190 

18 

500 

165 

77 

88 1 

2 90 


• Subcutaneous Injection of creatinine 50 ce 1 per cent solution = 245 mgs 
t Same as (*) gl' en by stomach tube 
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STJMMART OF EFFECTS OBSERVED OK THE EXCBETIOK OF URINARY 
CREATINE AND CREATnnKE AFTER THE ADSIINTSTRATION OF 
CREATINE AND CREATINTN'E TO THE FED NORMAL ANT) THE FED 
ECK-FISTULA DOG 

1 Creatinme excretion on a fixed d’et is not mvanable in amount 
a -s anation of 30 per cent maj be expected in the normal animal 

2 Creatine subcutaneousli^ introduced mto dogs may be fol- 
low ed by 

a A slight mcrease m the creatinme excretion m the urine, 
(not mvanable) as shown bj the followmg results collected from 
Table I 

Januarj 20 Subcutaneouslj injected 0 547 mg creatme, 74 mg 
increase m creatinme 

January 25 Subcutaneouslj injected 0 547 mg creatme, 2S mg 
increase m oreatmme 

Februarj 11 Subcutaneouslj injected 0 456 mg creatme, 0 mg 
increase m creatinme 

Februarj 26 Subcutaneously injected 0 456 mg creatme, 15 mg 
increase m creatinme 

No mcrease m creatinme was observed after feedmg creatme 

b The appearance of creatme m the urme (Table I) 

Januarj 20 Subcutaneouslj mjected 0 547 gram creatme, 140 mgs 
creatme recovered 

January 25 Subcutaneously mjected 0 547 gram creatme, 135 mgs 
creatme recovered ^ 

Februarj 26 Subcutaneously mjected 0 456 gram creatme, 133 mgs 
creatme recovered 

February 11 Subcutaneously injected 0 456 gram creatme, 12 mgs 
creatme recoiered 

March 7 Fed 0 456 gram creatme, 126 mgs creatme recovered 
April 23 Subcutaneouslj mjected 0 456 gram creatme, 90 mgs 
creatme recoiered 

3 Creatinme fed and mtroduced subcutaneously mto normal 
dogs may be followed b> 

a The appearance of creatme m the urme (mconstant) 
Table I 
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March 10 Fed 275 grams creatinine, recovered 0 mgs creatine 
March 12 Subcutaneously injected 275 grams creatine, recovered 94 
mgs creatine 

April IS Subcutaneously injected 275 grams creatinine, recovered 0 
mgs creatine 

April 21 Fed 242 grams creatimne, recovered 45 mgs creatine 

b Increase of ciedtmine in the urine — ^Table I 

March 10 Fed 275 grams creatinine, increase of 100 mgs creatinine 
April 21 Fed 272 grams creatimne, increase of 170 mgs creatimne 
March 12 Subcutaneously injected 275 grams creatinine, increase of 150 
mgs creatimne 

April 18 Subcutaneously injected 242 grams creatmine, increase of 176 
mgs creatimne 

4 In Eck-fistula dog No 1 after operation a decrease of the 
creatinuie excretion occurred which amounted to 29 per cent and 
was constant This result was not sustamed by the findmgs m 
the second Eck-fistula dog of the same weight and upon the same 
diet 

5 a Creatinine is excreted in smaller amounts both after feeding 
and after subcutaneous injection in the Eck-fistula dog than in 
the fed normal dog Eck-fistula dog No 1 Tables II and III 

May 13 Fed 0 45G gram creatine, recovered 19 mgs (?) creatine 
May 17 Subcutaneously injected 0 456 gram creatine, recovered 42 
mgs creatine 

May 21 Subcutaneously injected 0 456 gram creatine, recovered 44 
mgs creatine 

Eck-fistula dog No 2 

June 23 Fed 0 380 gram creatine. Recovered 0 mgs creatine 
June 29 Subcutaneously injected 0 380 gram creatine, Recovered 69 
mgs creatine 

b A slight increase occurs sometimes in the creatimne excre- 
tion after the admmistration of creatine to the fed Eck-fistula dog 
— Tables II and III 

May 13 0 456 gram creatine fed, 0 mgs increase creatimne 

June 23 0 380 gram creatine fed, 25 mgs increase creatimne 

May 17 0 456 gram creatine subcutaneously injeeted, 39 mgs increase 

creatimne 

May 21 0 456 gram creatine subcutaneously injected, 0 mgs increase 

creatimne 

June 29 0 380 gram creatine subcutaneously injected, 50 mgs increase 

creatimne 
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6 In the three experiments in which creatmme was adminis- 
tered to Eck-fistula dog No 2 no creatine appeared after adminis- 
tration, though a large amount, 0 760 gram, was giien (ba 
mouth) The mcrease m the creatinine w as as follows Table III 

June 14 Subcutaneous injection of 0 245 gram creatinine, increase of 
173 mgs creatinine 

June 19 Ped 0 245 gram creatimne, increase of ISO mgs creatinine 

Juh 4 Fed 0 760 gram creatinine, increase of 350 mgs creatinine 

Seientj per cent of creatmme which was injected and 52 per cent 
of the fed creatmme was recoaered The increase of the urmarj 
creatmme showed no difference m the fed Eck-fistula dog from the 
fed normal dog 


Siarvalion Experiments 

1 Creatine a dmini stered subcutaneously during stan ation does 
not mcrease the creatmme excretion m the urme The amount 
of creatme, which was recoi ered m the urme as creatme, was diffi- 
cult to estunate, as creatme appeared irregularlj durmg starva- 
tion The recovered creatme seemed to be about 12 per cent of 
the amount giv en —Table V 

March 7 Subcutaneouslj injectedO 456 gram creatme, 59 mgs creatme 
recovered m urme 


8 Creatmme subcutaneously mtroduced mto the starved dog 
gives nse to an increased creatme and creatmme excretion When 
creatmme is fed much less of it is recov ered — ^Table AT 

March 29 Subcutaneously injected 245 grams creatinine, recovered 53 
mgs creatme + 142 mgs (5S per cent) creatmme 
Apnl 3 Fed 245 mgs creatmme, recovered 20 (?) mgs creatme -}- 56 
mgs (22 per cent) creatimne 


9 Creatmme if admimstered subcutaneously to the starved 
Eck-fistula dog causes an mcrease of the creatme and creatmme 
excretion m the urine, if fed no mcrease m the creatme and a much 
smaller mcrease m the creatmme occurs This is the same result 
as was obtamed m the starv ed dog— Table ^TI 
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July 13 Subcutaneously injected 245 mgs creatimne, recovered 103 
mgs creatine + 188 mgs (7G per cent) creatimne 
July 16 Fed 245 mgs creatimne, recovered 0 grams creatine + 88 
mgs (36 per cent) cieatimne 


Discussion 

About 25 per cent or less of the creatine introduced into normal 
fed dogs either by mouth or subcutaneously was recovered as 
creatme This result may be explained by the relativelv large 
amount used (Folin and other investigators, experimenting on 
man, administered smaller quantities of creatine per kilo of body 
weight They were unable to recover creatine m the urine ) 
We therefore agree with Folm’s interpretation, that creatine must 
be considered as a food ^ Of the remaining 75 per cent of the 
creatine which does not reappear about 5 per cent is recovered 
occasionally as creatinine This result is m accordance vath the 
findings of v Hoogenhuyze and Verploegh- and Pekelharing and 
v Hoogenhuyze ® However, the mcrease in the creatmme after 
creatine administration is not constant, nor, when it occurs, does 
it exceed greatly the normal variation of the cieatinme excretion 
When creatine is introduced per os or subcutaneously into the Eck- 
fistula dog less creatme (9 per cent is recovered than in the normal 
dog (23 5 per cent) As to the effect of the administration of 
creatme on the creatimne excretion of the Eck-fistula dog no 
difference from the effect on the normal dog was observed 

The Eck-fistula dog reacts to the administration of creatine in exactly 
the same way as the normal dog The difference m the actual 
amounts of the recovered creatine is too small to allow conclu- 
sions to be drawn from it It was our experience with a large 
number of Eck-fistula dogs that, unless on a special diet, they lost 
weight The small amounts of creatine which appear at times in 
the urine of Eck-fistula dogs (see table II, Eck-fistula dog No I 
and Foster and Fisher^), may be well accounted for by the insuffi- 

^ 0 Folm Festschrift fur Hammarsten, 1906 

^ van Hoogenhuyze and Verploegh Zettschr f physiol Chem , Ivii, p 
131, 1908 

’ C A Peckelhanng and C T C van Hoogenhuyze Zeitschr f physiol 
Chem , ]\a\, p 407, 1910 

<N B Foster and H L Fisher this Journal, iw 559,1911 
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cient diet thej recei\ ed and the concomitant loss of ai eight The 
condition, therefore, maj be regarded as one of partial stara ation 
and the appearance of the creatine maj be explained m the same 
manner as its presence during mamtion 
About 57 per cent of the creatinine administered to the fed nor- 
mal dog IS excreted as creatimne and 43 per cent does not appear as 
creatinme The appearance of creatme after the administration 
of creatmme occurred twice m the normal dog m small amounts 
Creatuune administered to the fed Eck-fistula dog is recoiered 
m about the same amounts as when gii en to the fed normal dog 
We infer from this that the exclusion, of the portal circulation from 
the liver has no effect upon the creatinine metabolism 
In starvation the dadj variation of the creatme as well as the 
creatimne is v erj great, especiallj as stan ation progresses Hav- 
mg obsen ed m starvation dog Ko 1 that the creatmme excretion 
remamed fairlj constant for a considerable period, we confined 
most of our experiments to the mtroduction of creatmme 
Creatmme when administered both by mouth and subcutane- 
ouslj dunng mamtion is recov ered m much smaller amounts than 
m the case of the fed dog The amount recov ered is smaller when 
the creatimne is fed (22 per cent), than when it is mjected sub- 
cutaneouslj (58 per cent) The same dimmution of recovered 
creatmme after creatmme admmistration is observed m the starved 
Eck-fistula dog though to a less extent 
The recovery of small amounts of creatinme m the case of 
the Stan ed dog is m complete accordance with the admmistration 
of creatme to the fed dog In the latter case 24 per cent of the 
amount of creatme mtroduced was recovered Creatinme may be 
used by the starving organism as food in the same nay in which we 
suppose that the well nourished organism uses the creatine 
The fact that creatme and creatimne are excreted dunng star- 
V ation does not contradict this vnew Starvation is a more or 
less pathological condition of metabohsm, this is shown hy the 
excretion of abnormal unoxidized substances, such as oxj'butjTac, 
diacetic, lactic acids It maj be well assumed that, as Pekel- 
hanng and v Hoogenhuv ze have suggested, enzymatic actions are 
dmumshed dunng mamtion On the other hand muscle protem 
IS broken up m considerable amounts dunng mamtion, and as is 
known, this results m liberation of relatively great quantities of 
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creatine winch inaj^ be excreted before destruction occurs It is 
difficult to decide ^\lnch of these views is correct Perhaps both 
processes play a part 

This result of creatinine administration m the starved dog 
emphasizes the effect of creatinine administration to the fed dog 
In the latter case 25 per cent or 30 per cent does not reappear The 
fact, that ordmarilj'’ creatimne is ver}'" readily excreted bj'' the kid- 
ney, may account for its presence m the urine and that portion of it, 
wlnchappears may be regarded as an endproductof protein metab- 
olism, since it IS not destro 3 ’’ed However a certain portion of the 
creatinine introduced into fed animals and a greater portion of 
creatinine introduced into starved ones, does not reappear This 
IS sufficient evidence that the substance is not a final end product, 
but may be further broken down Since this is shown to be the 
case experimentallj'', ve have reason to suppose that in the body 
there is normally a iihysiological use for unexcreted creatinine 
We may legard the process of creatine and creatimne metabohsm 
as dependent upon three factors Production, Destruction and 
Excretion 

We gave the whole amount of creatine or creatimne at once, 
the most unfavorable method for destruction, given at intervals 
through the tweut 3 ''-four hoius, as was done by Pekelharing and 
vanHoogenhuyze, a much greater percentage of the amount admin- 
istered failed to reappear Similarly a much larger amount was 
recovered by the above mentioned authors, when they mtroduced 
the substance intravenously, than when tbe 3 ’' gave it subcutaneous- 
b'", and by us when we gave it subcutaneous^'', than when ne 
gave it by mouth The difference was evidently due to the 
length of time the substance was exposed to the action of the tis- 
sues 

The results of our work tend to show that the hvei ts not an organ of 
'prime impoitance in connection with creatine and creatinine metab- 
olism We found no marked difference in the behavior of normal 
and Eck-fistula dogs to creatine and creatuune This is m com- 
plete accordance with the work of Foster and FisheP on the same 
subject Our experiments do not corroborate the h 3 ’’pothesis 
advanced by Mellanby * 

^ N B Foster and H L Fisher this Journal , ix, p 559, 1911 
^ E Mellanby Journ of Physiol , xxxxi, p 447, 1908 
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"As regards the action of the li\ or 1 suggest that it is continuouslj forming 
creatinine from substances carried to it bj the blood stream from other 
organs and that m the developing muscle this creatinine is changed to crea- 
tme and stored, while after the muscle has reached saturation point, crea- 
tinine IS contmuouslj excreted” (page 4S6) 

Speaking of the creatinine formation m developmg chicks this 
author saj-s 

“The increase in the rate of growth of the liver at hatching is no doubt 
due to the closmg of the ductus venosus so that a much greater bloodsupplj 
reaches this organ The fact that the growth of the liver goes on at the 
same rate as that of the rest of the chicken during most of the incubation 
penod, would seem to show that during this time its special functions are 
not particularly called upon Were this not the case, the ductus i enosus 
would, no doubt, close sooner The first function of anj organ is to grow 
and the increased bloodsupply to the liver at hatching causes the corre- 
sponding mcreaseinthe rate of growth of this organ This closmg of the 
ductus venosus is a very special change, and it is not likely that there are 
many similar changes m the body at this tune, which do not depend on the 
increased bloodsupply to the liver It is therefore reasonable to put for- 
ward the synchronous rates of growth of the liver and creatine both during 
mcubation and after hatchmg as strong evidence of an intunate connection 
between the bloodsupply of the organ and the development of creatine The 
many functions of the hver would make one hesitate to conclude that this 
connection was direct — that, m fact, creatme was made m the hver and 
stored as such m the muscle ” (page 477) 

From this we see, that hlellanby regards the mcreased blood 
flow through the liver as the important factor m creatme forma- 
tion It IS hardly conceivable that the liver could double its 
v eight on the day of hatchmg by an mcrease of cellular tissue 
(figures quoted by Mellanby) , such an mcrease m weight must be 
due to engorgement with blood This is a probable occurrence as 
it IS known that after the closure of the ductus venosus more blood 
IS earned to the liver by the portal system The opposite of this 
condition of liver engorgement is found m the Eck-fistuladog where 
the bloodsupply of the organ is reduced to a nimimiiTn by the 
exclusion of the portal circulation If Mellanbyds hypothesis were 
correct, we v ould expect to find a very great reduction in the cre- 
atmine excretion or an absence of creatmme m the unne of an Eck- 
fistula dog, but as this does not occur we must consider that our 
results show his hypothesis to be an erroneous one Amberg and 
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Ilowntree^ have already arrived at the same conclusion by an 
indncct mode of approach We do not deny, of course, the possi- 
bility of creatine formation through catabolic processes in the liver, 
as m other tissue cells Bj’' perfusion experiments Gottlieb and 
Stangassinger" have shown for the liver, and Howell and Duke^ 
and Weber'* for the contracting heart, that creatine is found in the 
perfused fluid Creatine is also formed during autotysis by vari- 
ous organs 

In our experiments the diminution of the liver function wa"? 
studied under conditions which we believe to be as nearly phj^sio- 
logical as can be attained That there is a true reduction of the 
liver function m Eck-fistula dogs has been sho'wn by Pawloiv and 
Nencki® in the case of urea synthesis from ammomum salts and 
bj'- Voegtlm and Bernheim® in the case of bile formation 

Those authors who have attempted to determme the cause of 
creatinine metabolism m an organism in which the hepatic func- 
tion was impaired, have used for their obsen’-ations patients in 
an advanced stage of supposed hepatic insufficiency, caused by 
cirrhosis or carcinoma of the liver or eclampsia, or they have 
chosen animals poisoned by hydrazine, etc Under these condi- 
tions many other abnormalities, beside the reduction of the func- 
tion of the liver must be present, such as the toxic destruction of 
tissues m general and also starvation due to the refusal of food 
during the intoxication 


CONCLUSIONS 


1 The more or less constant excretion of creatinine in an animal 
on a fixed diet is explained by the constancj’’ of the three factors 
which determine it, viz , "production m the course of catabolism, 
destruction through the action of enzymes, and kidney secretion 

2 In the dog creatinine and creatine are not true end products 

* S Amberg and L G Rowntree Johns Hopkins Hospital Bull , x\i, No 
227, 1910 

- R Gottlieb and R Stangassinger Zeilsckr f physiol Chem , In, p 1, 
Iv, p 322 R Stangassinger Zeitschr f physiol Chem , Ivii, p 131, 190S 

® Howell and Duke Amer Journ of Physiol , x^Jll, p 174, 190S 

* Weber Arch f exp Path u Pharm , Iviii, p 93, 1907 

® Hahn, Massen, Nencki and Pawloiv Arch f exp Path u Pharm , 


\xxii, p 161, 1S93 

® ■\'’oegtlin and Bernheim Journ of Pharm and Exp Thcr ,ii,p 4oo, 


1911 
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of metabolism That portion of these substances is hich appears 
m the urme is due to the fact that it is excreted by the kidnej 
before destruction occurs 

3 It is shown that the Uxer does not play the important r61e 
m reference to the creatme metabolism that has been ascribed to 
this organ 

4 The occasional appearance of creatine in the unne after 
creatimne admimstration as well as the occasional increase of 
urmarj”^ creatinme after creatine administration, suggests the possi- 
bihtj of creatmme hjdroljsis being a reversible reaction m the 
animal organism 

Creatine — Creatinine + HjO 

5 Our present news on creatme and creatinme metabolism 
m general may be expressed by the followmg scheme (The 
length of the arrows mdicates the extent of the reaction and the 
dotted arrow indicates that the ongm of creatmme directly m 
the course of endogenous metabohsm is doubtful ) 


Endogenous protein metabolism 


4 

Creatinme 


Destruction 



I 

Destruction 




THE CATABOLISM OF HISTIDmE 


Bt H D DAKEST akd A J WAKEMAN 
{From the Herlcr Laboratory, S19 Madison Aienue, New Yorl ) 
(Received for publication, December 4, 1911 ) 

In a recent issue of this Journal the authors brought forward 
etidence concerning the mechamsm of the formation of aceto- 
acetic acid from phenylalanme and from tyrosine ^ From their 
experiments it appeared that the acetoacetic acid molecule was 
denved from four adjacent carbon atoms, two of them situated m 
the side-cham and two m the nucleus Homogentisic acid was 
belie\ ed not to be a normal mtermediate product of the reaction 

On considenng the nature of this curious transformation it 
was reahzed that the histidme molecule contamed four carbon 
atoms, two m the nucleus and two m the side-cham similarly 
related those which go to form acetoacetic acid m the phenyl- 
alamne molecule It appeared not improbable therefore that 
histidme might undergo a reaction m the bodj with formation of 
acetoacetic acid similar m tj^ie to that expenenced by the aro- 
matic anuno-acids 

The structural relation of these substances is readily seen from 
the followmg formulae 


COOH 
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COOH 

1 

CHNH 

1 
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* This Journal, IV p 139,1911 
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With the idea of testing the hypothesis we have made a number 
of experiments upon the perfusion of dogs’ livers with a mixture of 
dog’s and bullock’s blood to which histidine carbonate had been 
added The technique of these experiments was similar in every 
way to those previously reported^ and after a perfusion lasting 
usually about fifty minutes the blood was analyzed for acetone 
and acetoacetic acid in the usual fashion 

The results are not as decisive as those obtained by Embden 
and others "with tyrosine or phenydalamne but they do appear to 
show that a slight mcrease m the acetoacetic acid of the blood 
may follow addition of histidine carbonate The results resemble 
those obtained by Embden vnth faero-Ieucine In the case of this 
ammo-acid although the inactive synthetic compound readily 
gives much acetoacetic acid, the naturally occurring form gives 
it much less readily ^ 

Most of the histidine preparations employed by us were obtained 
by Fraenkel’s method through the hydrolysis of blood The 
pure crystalline hydrochloride was dissolved in water and decom- 
posed by an equivalent addition of sodium bicarbonate In one 
experiment the histidine solution was obtained by precipitation 
with phosphotungstic acid and subsequent saturation of the solu- 
tion of the base with carbon dioxide No difference in the results 
was observed 

The results are comprised in the following table 
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The ether used as anaesthetic during the operatn e part of the 
expemnent was specially purified by repeated shaking with iodine 
and caustic soda solution and special blank determinations on the 
blood drawn at the close of the operation showed that no appre- 
ciable amount of acetone had been mtroduced 
The anunals emplojed \aned considerably in size but blank 
experiments on animals of equal weight were performed The 
animals were allowed to fast for twenty-four hours previous to 
operation ^ 

Inspection of the figures contained in the table shows that on 
the a\ erage an mcrease m acetoacetic acid correspondmg to about 
60 per cent over the normal blank perfusion expenments follows 
addition of histidme carbonate to the blood used for perfusion 
It IS unfortunate that the mcrease is not more marked so that the 
results might be more defimtely mterpreted But we thmk it 
may be tentatively concluded that there is some evidence of aceto- 
acetic acid formation from histidme Judgmg by analogy with the 
reactions observed in the oxidation of other ammo-acids (Neubauer) 
it appears likely that the alanme side-cham of the histidme 
molecule is converted mto an acetic acid group by mtermedi- 
ate formation of the correspondmg ketomc acid, umnazolpyruvic 
acid, and hberation of ammoma The formation of acetoacetic 
acid necessitates the disruption of the nng It may be noted 
that while the formation of the ketomc acid from histidme mvolves 
oxdation, its subsequent decomposition to form urea and aceto- 
acetic acid only necessitates oxidation m the side-cham The 
resolution of the nucleus is represented as simply requirmg mtra- 
molecular rearrangement and the takmg up of two molecules of 
water The IST-CH-NH group would undoubtedly form urea 
The changes may be represented as follows 

^ The writers observed a markedlj increased acetoacetic acid formation 
on perfusmg the liver of a dog which had received much very fat meat some 
twelve hours before operation The blood serum was full of suspended fat 
particles We propose to investigate this phenomenon 
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of changes pictured above shows 


the histidine molecule resolved into carbonate of ammoma, which 
may then form urea, acetoacetic acid, which may then undergo 
further oxidation reduction or hydrolysis, and a urea group 
derived from the nitrogen atoms in the ring 
Such a series of changes would accord admirably with the 
experiments of Abderhalden and Einbeck^ and Kowalewsky^ who 
found histidine when given to dogs to be almost completely decom- 
posed apparently with the excretion of no other products of catab- 
olism other than urea 

We reahze that additional experimental work is much needed 
in order to test the correctness of our tentative hjTpothesis as to the 
mechamsm of histidine catabolism We are at present engaged id 
the investigation of the fate of histidine in the diabetic organism, 
and by means of these and other experiments we hope to obtain 
some further insight into the mechanism of the reactions 

* Zeitschr f physiol Chem , Kii, p 322, 1909, Ixvin, p 395, 1910 
^ Biochem Zeiischr , xxiii, p 1, 1910 
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On page 322 of this volume. No 4, first line of text, for glutenin 
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Bicarbonates, part played by m 
maintenance of neutrabty of 
blood, 7, 351 

Bile, changes m m some infectious 
diseases, 4, 213, effects of, upon 
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hydrolysis of esters by pancre- 
atic juice, 2, 415 

Bleaching of flour, 6, 75, effects of 
upon digestibility, 8, 327 
Blendermann'’spara-hydroxj'benzyl- 
hydantoin, synthesis of, 7, 25 
Blood, chemical tests for 8, 95, 
effect of transfusion of on ni- 
trogenous metabolism, 3, 321, 
influence of hydrazine upon 
sugar content of, 10, 159, inter- 
relation of ammonia and carbon 
dioxide content of, 10, 407, neu- 
trality equilibrium in, 7, 29, 7, 
351, quantitative estimation of 
reducing substances in, 6, 443, 
relation of pancreas to lipase 
of, 10, 381, solubility of uric acid 
m serum of, 1, 177 
Blood clot of lamulus polyphcmus, 
6, 323 

Bone, chemical analysis of from 
case of human adolescent osteo- 
malacia, 7, 199 

Boric acid, excretion of from the 
human body, 3, H 
Brain, stimulation of by creatme, 
3, 21 

Brassica oleracea, erepsin of, 8, 215 
Bromides of barium and radium, 
effect of on protein metabolism, 
1, 371 

Bromine, mechanism of the oxida- 
tion of glucose by, 7, 157 
Butyric acid, oxidation of by hydro- 
gen peroxide, 4, 77 

Cabbage, erepsm of, 8, 215 
Calcium, determination of, 10, 187, 
effect of upon the rhythmical 
contractions of a jellyfish {Poly- 
orchis), 1, 427, quantitativesepa- 
ration of, 7, S3 
Cancer, chemistry of, 7, 23 
Cane sugar, inversion of by fer- 
ments, 6, 405 


Cams lairans Say, nitrogen metab- 
olism of, 8, 449 

Carbamates, chemistry of, 1, 319 

Carbohydrate esters of the higher 
fatty acids, 7, 427, metab- 

olism, 10, 159, 10, 271, inter- 
mediary metabolism and 

mucic acid, 10, 123 

Carbohydrates, effect of upon arti- 
ficial digestion of casein, 7, 69, 
polysaccharide, from lichens 
and marine algae, digestibility 
and utilization of, 2, 251, r61e 
of in creatme-creatinine metab- 
olism, 10, 213 

Carbohe acid, antagomsm of alco- 
hol to, 6, 319 

Carbon dioxide and ammoma of 
blood, mterrelation of, 10, 407 

Carnaubic acid from beef kidney, 4, 
297 

Casein, action of pepsin upon the 
products of the peptic hydrol- 
ysis of, 9, 295, adsorption of 
acids by, 4, 259, behavior of in 
acid solutions, 4, 35, chemical 
properties of, 2, 317, effect of 
carbohydrates upon artificial 
digestion of, 7, 69, hydrolysis of, 
9, 333, hydrolysis of by trypsin, 

2, 317, in alcohol-water mix- 
tures, refractive indices of, 8, 
507, influence of temperature 
upon the solubility of, 5, 147, 
leueme fraction of, 6, 419, pro- 
line content of, 9, 205, relation of 
different acids to precipitation 
of, 6, 181, volumetric method 
for the estimation of in cows 
milk, 6, 445 

Casemates, depression of freezing 
point bj, 6, 105 

Castration, effect of on metabolism, 

7, 1S5 

Catabolism, of fatty acids, formic 
acid an intermediary substance 
in, 9, 329, of histidine, 10, 499, 
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of phenjlalimnc, tjiosinc and 
dematives, 9, 139 

Catalase, adsorption of bj colloidal 
protein and bj normal lead 
phosphate, 6, 367, of sea urchin 
eggs, relation of to oxidation, 
10, 295 

Catah-tic action of amino-acids, 
peptones and protems, 7, 49 
Catalvsis, effects of 10 ns on, 2, 489 
Catalysor, conception and defimtion 
of, 8, 503 

Cathartics, action of, on the isolated 
centre of Polyorchis, 2, 385, 
sahne, purgative inefficiencj of 
nhen mjected subcutaneously 
or intrai enouslj , 4, 197 
C^IIs, nature of superficial laj er in, 

4, l.permeabilitj of, 4, 1 
Ccllii Tcliculosa (Miquel), occur- 
rence of skatol and mdol in 
ivood of, 6, 4S9 

Cerebral hemispheres, chemicalstim- 
ulation of motor areas of, 2, 183 
Cerebron, Thierfelder’s, identitj of 
mth Thudichum’s phrenosm, 2, 
159 

Cerebrospinal fluid in insamtj, 6, 

115 

Cheese, cheddar, production of 
'olatile fattj acids and esters 

in, 7, 431, curds, relation of 

different acids to solubihta of 
in salt solution, 6, 181 
Chemical anal j sis of bone in osteo- 
malacia, 7, 199, behavior of 

proteins, 2, 317, changes n 

milk kept at low temperatures, 
4,353, composition of hair of 

different races, 3, 459, com- 

position of Ibervxllea sonorae, 6, 
groups charactcnstic of 
amino-acids,analj sis of proteins 

bj determination of, 10, 15, 

mechamsm of hjdrohsis and 
sinthcEis of proteins. 6, 493, 
mechanism of neutralitv of 


tissue'- G, 313, nature of 

alcaptonuna, 9, 151, prop- 

erties of Amanita-toxin, 3, 

279, properties of casein, 2, 

317, reaction vclocitv, rela- 
tion of to the influence of tem- 
perature upon the contraction 

of striped muscle, 2, 195, 

stimulation of motor areas of 
cerebral hemispheres, 2, 183, 

stimuh, reactions of infu- 

sona to, 1, 185, studies in 

cytoljsis, B, 311, studv of 

fresh eggs, 7, 109, studv of 

non-stnated muscle, 4, 483 

Chemistrj of B colt communis, 1, 
463, 3, 443, of bacterial cellular 
protems, 6, 509, of cancer, 7, 
23, of carbamates, 1, 319, of 
flesh, 2, 309,3, 491 , ofion-protein 
compounds, 1, 279 , 1, 507 , 2, 317, 
of liver in chloroform necrosis, 
B, 129, of muscle and liver of 
reptiles, B, 125 

Childhood, excretion of creatine in, 
10, 265 

Chitm, soluble, from Limulus poly- 
phemus, 6, 483 

Chloroform, Nj lander’s reaction m 
the presence of, 7, 267, an- 

esthesia, acetonuna followmg, 

1, 239, necrosis delayed 

chloroform poisomng, ehemistry 
of the hver m, B, 129 

Cholesterol bodies m soils phido- 
sterol, 9, 9 

Chohne, new compounds of the type 
of, 10, 399 

Christian A Herter, M D Xn appre- 
ciation, 8, 437 

Chj-mosm, identitv of with pepsm 
B, 399 ’ 

Cicada, penodical, pigmentation of 
10, 89 

Citnc acid, fermentation of in milk 
8, 479 
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Clams, fresh water, manganese in, 
3, 151 

Cleavage products of protein, esti- 
mation of tryptophan in, 2, 481, 

^products of proteoses, 1, 45, 

pioducts of vitellin, 2, 127 

Clostridium carnofoelidus, putrefac- 
tion of fibrin by, 8, 109 
Coferment of lipase, 2, 391 
Colloidal compound of strychnine, 2, 
149 

Colorimetric determination of 

iodine, 3, 391, determination 

of phosphorus, 6, 349 
Combustion of vegetable proteins, 
heat of, 3, 119 

Composition of dilute renal excre- 
tions, 6, 87, of hair, 3, 459, of 
Ibcrmllca sonorae, 6, 339, of in- 
vertase, 9, 29, of paranucleins, 
9, 295, ofprotamin, 6, 389 
Concentration of antitoxin for ther- 
apeutic use, 1, 161, of diphtheria 
toxin, 5, 27 

Conduction of nerve impulse, nature 
of, 3, 359 

Conductivitj’’, electrical, study of 
autolysis by determinations of 
changes in, 3, 35 

Contraction of muscle, influence of 
temperature upon, 2, 195 
Copper sulphate, relation of killing 
concentration of to diastatic 
enzyme of Paramoecium, 6, 65 
Corn, utilization of proteins of, 10, 
345 

Correction, 7, 201, 8, 35 
Coyote, analysis of urine of, 8, 465, 
nitrogen metabolism of, 8, 449 
Creatine, action of arginase upon, 3, 
435, as a bram stimulant, 3, 21, 
excretion of in infancy and 
childhood, 10, 265, in cancer, 7, 
23, of muscle in inanition, 10, 
255, preparation of creatinine 
from, 8, 399 


Creatine and creatimne, applica- 
tion of Folin's method for to 
me ats and meat products, 3, 491 , 
determination of in meats and 
their products, 2, 309, experi- 
mental studies on, 10, 213, 10, 
255, 10, 265, metabolism of, 9, 
359, 10, 213, 10, 473, 10, 479 

Creatinine, excretion of in the new- 
born, 3, 311, in cancer, 7, 23, 
preparation of from creatine, 8, 
399, preparation of from urine, 
8, 395, sources of error m the 
Folin method for, 9, 19 

Cutaneous ehmmation of mtrogen, 
sulphur and phosphorus, 9, 21, 
of nitrogenous material, 1, 263, 

Cyanides, action of on spontaneous 
oxidation of C 3 'stein, 6, 29, ac- 
tion of on spontaneous oxida- 
tion of cystine, 6, 289, influence 
of upon protein metabolism, 4, 
179 

Cj'stein, action of cjmnides and 
nitriles on spontaneous oxida- 
tion of, 6, 29, action of metals 
and strong salt solutions on the 
spontaneous oxidation of, 6, 
299, spontaneous oxidation of, 

6 , 21 

Cystine, oxidation of, 9, 365, prepa- 
ration of, 8, 9, spontaneous oxi- 
dation of, 6, 2S9 

Cj'stmiina, protein metabolism in, 

4, 439, 6, 337 

Cj'tolj'sis, chemical studies in, 6, 
311 

Cytosine, action of dinzobenzene sul- 
phuric acid on, 6, 163, color test 
for, 3, 1S3, mtrogen-alkj 1 den- 
vates of, 6, 49, salts of, 3, 2S5, 

7, 249 

Daj' and mght urines, 3, 165 

Decomposition,enzjTnatic, of nucleic 

acids, 10, SI, of occto-acctic acid 
b3 enz^ancs of the Incr, 8, 105, 
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of j3-o'^^but^TlC acid and accto- 
acetic acid b\ cnsnncs of the 
hver, 6, 373, of t\Tosinc in the 

animal bodj, 8, 11, product, 

new, of keratin, 9 355, prod- 

ucts of cpmepbnn h j dratc, 1, 1 

Delayed chloroformpoisoning, chem- 
istry of the liver in, 6, 129, 

Depression of freezing point of water 
due to dissoU ed casemates,6,105 

Desamidases, in nuclein fermenta- 
tion, 9, 169 

Detection of fluorides in foods 4, 
149, of formaldehyde m milk, 

2, 145, of P-oxybutyTic acid in 
unne, 6, 207 , of reducing sugars, 

3, 101, 6, 485 

Detennmation, (See also Estima- 
tion) of acetone and diacetic 
acid m diabetic unnes, 3, 177, 
of acetone m unne, 4, 477, of 
aliphatic ammo groups, 9, 185, 
of alkylammes, 9, 85, of amid 
nitrogen m proteins, 8, 427, of 
ammo groups, 10, 287, of am- 
moma m unne, 6, 71, 6, 477 , 8, 
365, 8, 497 , of calcium, 10, 187, of 
cheimcal groups characteristic 
of amino-acids, analysis of pro- 
teins by, 10, 15, of creatmme 
and creatme m meats and their 
products, 2, 309 , 3, 491, of fat 
and fatty acids m feces, 7, 421, 
of gliadm, 9, 271, of hydrogen 
peroxide m milk, 1, 219, of 
mdol, 1, 257 , 2, 267, of lodme, 
3, 391, 7, 321, 10, 95, of iron, 

1, 451, of P-oxybutync acid, 6, 
207 , 6, 211, 10, 291, of phos- 
phorus, 6, 349, of phosphorus 
in meats, 8, 4S3, of prolme, 
9, 205, of sacchanne, 8, 227, 
of skatol, 2, 267, of sodium 
iodide in anunal tissues, 7, 459, 
of sulphate and sulphur, 1, 131, 

2, 135, 3, SI, of total sulphur 


in urine, 8, 401, 8, 423, 8, 499, 
of urea, 6, 477 

Detoxicating action of gly cocoll, 
6, 413 

Dextrose, influence of upon nitrog- 
enous metabolism, 2, 117 

Diabetes, experimental, 1, 113, 

treatment of with secretm, 2, 
297, 2, 305, pancreatic, pre- 
vention and mhibition of, 10, 
271 

Diabetic unnes, separate determi- 
nation of acetone and diacetic 
acid in, 3, 177 

Diacetic acid and acetone, Folin's 
method for separation of, 4, 
473, separate detennmation of, 
3, 177 

Diammo mtrogen of protem diet, 
1, 229 

Diastase, adsorption of by colloidal 
protem and by normal lead 
phosphate, 6, 367 

Diastatic enzyme of Paramoeciumm 
relation to the lolling con- 
centration of copper sulphate, 
6, 65 

Diastatic hy drolysis, cntical hy drox- 
yUon concentrations in, 6, 53 

Diazobenzene sulphunc acid, action 
of on thymme, uracil and cydo- 
sme, 6, 163 

3,5-Dichlortyrosme, synthesis of, 10 
147 

Diet, effect of on the amylolvtic 
power of the saliva, 4, 501, 
effect of on the maltose-sphttmg 
power of the sahva, 6, 331, 
mtrogenous metabolism as af- 
fected by, 2, 217 , protem, nitro- 
gen content of, 1, 229 

Dietary alternations, influence of on 
mtestmal flora, 7, 203, con- 

ditions and physiological resist- 
ance, 7, 379 

Digestibihty and retention of m 
gested protems 9, 219, of poly- 
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saccharide carbohydrates from 
lichens and marine algae, 2, 
251, of wheat flour, effects of 
bleaching upon, 8, 327, of white 
of egg as influenced by the 
temperature at which it is coag- 
ulated, 9, 463 

Digestion of casein, effect of car- 
bohydrates upon, 7, 69, of pro- 
tein in the dogflsh, 9, 209 
Digestive tract, fate of B bulgancus 
m, 6, 293 

Duodotyrosine in sponges, 7, 1 
Dimethylamidobenzaldehyde (para) 
reaction of urine, 1, 251, 4, 403 
2,8-Dio\y-9-methylpurine, 9, 161 
Diphtheria toxin, concentration of, 

6, 27 

Diuretics, alkaline, effect of upon 
nitrogenous metabolism, 2, 217 
Dog, analyses of urine of, 8, 465, in- 
fluence of hydrazine upon inter- 
mediary metabolism of, 4, 165, 
lactic acid in autolyzed li\er of, 

7, 17, metabobsm of purine 
compoimds in, 8, 115 

Dogfish, digestion of protein in the 
stomach and intestine of, 9, 209, 
globulin from the egg-yolk of, 
6, 243 

Dominant whites, cause of, 10, 113 
Dyes, staining of tissues by, 4, 1 

Echinoderm eggs, autolysis of, 7, 
371 

Eck fistula, creatine and creatinme 
metabolism in dogs with, 9, 359, 
10, 479 

Edestin, leucme fraction m, 6, 419 
Editorial announcement, 6, 1, 10, 1 
Eggs, chemical and bacteriological 
study of, 7, 109, echmoderm, 
autolysis of, 7, 371, fish, pyrimi- 
dine bases of nucleic acid from, 

1, 425, sea urchins, catalase of, 
10, 295, sea urchins, oxidation 
in, 10, 459 


Egg-white, digestibility of, as influ- 
enced by the temperature at 
which it IS coagulated, 9, 463, 
sensitizing portion of, 6, 253 

E£g*yofl^ of Sqxialus acanthias, glob- 
ulm from, 6, 243 

Ehrlich’s aldehyde reaction of urine, 
influence of meat on, 4, 403 

Electrical conductivity, stud}' of 
autolysis by determinations of, 
3, 35 

Electrolytes, amphoteric, 4, 267, 
amphoteric, applicability of 
lavs of to serum globulin, 6, 155, 
influence of, upon staining of 
tissues, 1, 279, influence of, upon 
the toxicity of alkaloids, 1, 507, 
relation of to lecithin and keph- 
alm, 3, 53 

Elimmation, cutaneous, of nitrogen, 
suphur and phosphorus, 9, 21, 
of indox}] sulphate in unne of 
insane, 2, 575 

Embryos, nuclein ferments of, 3, 227 

Endogenous purine excretion in man, 
2, 231 

Enzjunatic decomposition of nucleic 
acids, study of by optical 
method, 10, 81 

Enzyme, diastatic, of Pararnoccium 
in relation to the killing con- 
centration of copper sulphate, 

6, 65, ph 5 'tme-splitting, in ani- 
mal tissues, 4, 497 

Enzymes, animal, concerned in the 
hydrolysis of various esters, 
identity of, 2, 427, chemical 
mechanism of the hydrolysis and 
synthesis of proteins through the 
agency of, 6, 493, intracellular, 
of lower fungi, 6, 461, of the 
liver, decomposition of aceto- 
acetic acid by, 8, 105, of the 
liver, decomposition of /3-oxybu- 
ty nc acid and acctoacetic acid 
by, 6, 373, studies on, 6, 307, 
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6, 65,stud\ ofbj means of the 
synthetical poliTieptids, 8, 145 

Epmephnn hj drate, decomposition 
products of, 1, 1 

Erepsin of the cabbage, 8, 215, of 
Glomcrella rufomaculans and 
Sphaeropsis malorum, 10, 109 

Esters, carbohydrate, of the higher 
fatty acids, 7, 427, effect of bile 
upon the hydrolysis of, by pan- 
creatic jmee, 2, 415, idcntiU of 
animal enzymes concerned in 
the hydrolysis of, 2, 427, pro- 
duction of in Cheddar cheese, 
7,431 

Estimation (See also Determina- 
tion), of arginine, lysine and 
histidme m products of hydrol- 
yas of tissues, 4, 119, of casern 
m cows’ milk, volumetric method 
for, 6, 445, of creatinine, sources 
of error m the Fobn method for, 

9, 19, of evtraotive and protein 
phosphorus, 3, 159, of lecithans, 

1, 203, of lecithin, 1, 253, of 
punne mtrogen m unne, 7, 27, 
of reduemg substances in the 
blood, 6, 443 , of reduemg sugars, 
method for, 3, 101, 9, 57, of 
saccharine m urme and feces, 

8, 233, of total sulphur m urine, 

6, 363, 7, 101, of tryptophan, 

2, 481, of urea, 2, 243 , 8, 405, 

9, 25, 6, 173 

Ether anesthesia, acetonuna follow- 
mg, 1, 239, mfluence of upon ex- 
cretion of mtrogen, 4, 321 
5-Ethylcytosme, 2, 105 
Excretion, cutaneous, of mtrog- 
enous material, 1, 263, endog- 
enous purme m man, 2, 231, 
of acid, process of, 9, 403, of 
bnnum, 2, 461, of bone acid 
from the human body, 3, 11, of 
creatine in infancy and child- 
hood, 10, 265 , of creatimne in the 
new-born infant, 3, 311, of nitro- 


gen, influence of ether anaes- 
thesia upon, 4, 321, of unc acid 
in normal men, 6, 355 

Excretions, renal, composition of 
dilute, 6, 87 

Extraction apparatus, a new form 
of, 7, 503 

Extraction of bquids, with Soxhlct’s 
apparatus, 7, 21 

Extractive phosphorus, quantita- 
tive estimation of, 3, 159, rela- 
tion of to protein phosphorus 
in Aspergillus niger, 3, 49 

Fast, prolonged, influence of exces- 
si\e water ingestion in a dog 
after, 10, 417 

Fat, new method for determination 
of m feces, 7, 421 

Fate of radium, 2, 461, of sodium 
benzoate m the human orgamsm, 

7, 103 

Fatty acids, carbohydrate esters 
of, 7, 427, catabolism of, 9, 329, 
new method for detenmnation 
of m feces, 7, 421 , oxidation m 
the animal organism of phenyl 
derivatives of, 6, 173, 6, 303, 6, 
203, e, 221, 6, 235 , 8, 35, pro- 
duction of m Cheddar cheese, 
7, 431, saturated, oxidation of 
ammomum salts of with hydro- 
gen peroxide, 4, 227 
Fecal bacteria, gas production by, 
1, 415, production of methyl 
mercaptan by, 1, 421 
Feces, estimation of saccharme in, 
8, 233, new method for determi- 
nation of fat and fatty acids in, 
7, 421, quantitative separation 
of calcium and magnesium in, 
7, 83 

Feeding materials, nature of acid 
soluble phosphorus compounds 
of, 6, 431 

Ferment action, synthesis of prota- 
min through, 6, 3S1 
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Fermentation, nuelem, 9, 160, of 
citric acid in milk, 8, 479 
Fermentation tube, use of in intesti- 
nal bacteriology, 6, 283, 6, 257 
Ferments, inversion of cane sugar 
and maltose by, 6, 405, lactic 
acid, influence of upon intesti- 
nal putrefaction, 7, 37, nuclein, 
of embyros, 3, 227, nuclein, of 
yeast, 6, 245, proteolytic, 
method for the study of, 10, 
9, purine, of the rat, 7, 237 
Fertilization of echmoderm eggs, 
effect of on autolysis, 7, 371, of 
sea urchin eggs, effect of on 
catalase content, 10, 295 
Fetus, human, punnes and punne 
metabohsm of, 6, 469 
Fibrin heteroalbumose, 8, 269, pro- 
toalbumose, 10, 57, putrefaction 
of, 8, 109 

Fish eggs, pyrimidine bases of nu- 
cleic acid from, 1, 425 
Flesh, chemistry of, 2, 309, 3, 491 
Flour, bleaching of, 6, 75, effects of 
bleaching upon digestibihty of, 
8, 327 

Fluorides, inhibiting effects of on 
lipase, 2, 397, 4, 149, method 
for detection of in food prod- 
ucts, 4, 149 

Fobn method for ammonia nitrogen 
6, 71, 8, 365, for ammoma and 
urea, 6, 477, for creatine and 
creatimne, appbcation of to 
meats and meat extracts, 3, 491, 
for creatinine, sources of error 
in, 9, 19, for separation of 
acetone and diacetic acid of 
urine, 4, 473 

Formaldehyde m milk, detection of, 

2, 145 

Formic acid, an intermediary sub- 
stance m catabolism of fatty 
acids and other substances, 9, 
329 


Food, protein of, influence of on 
physiological resistance, 7, 379 

Foods, balance of acid-forming and 
base-forming elements in, 3, 307, 
detection of fluorides in, 4, 149, 
quantitative separation of cal- 
cium and magnesium in, 7, 83 

Fox, analj-^ses of urine of, 8, 465 

Fractional precipitation of anti- 
toxic serum, 3, 253 

Fractionation of agglutinins and 
antitoxin, 3, 233 

Freezing point of n ater, depression 
of due to dissolved caseinates, 
6, 105, study of autolysis by 
determinations of changes m, 
3, 35, 8, 61, 9, 61 

Fungi, intracellular enzymes of, 6, 
461, mtrogen fixation by, 10, 
169, pentosans in, 9, 267, 
phytase m, 10, 183 

Gas production, bacterial, action of 
sodium benzoate on, 7, 59, by 
fecal bacteria gromi on sugar 
bouillon, 1, 415 

Gastro-mtestinal juices, action of 
on nucleic acids, 9, 375 

Germination, proteolytic changes oc- 
curring in the lima bean during, 
3, 265 

Gliadin, analysis of products of 
hydrolysis of, 9, 425, quantita- 
tive determination of, 9, 271, 
refractive indices of solutions 
of, 9, 181 

Globulin, from egg yolk of SguaUis 
acantinas, 6, 243, polymeriza- 
tion of, 1, 345, serum, applica- 
bility of laws of amphoteric 
electrolytes to, 6, 155, serum, 
refractive indices of solutions 
of, 8, 441 

Glomcrella riifornaculans, erepsins 
of, 10, 109 

d-GIuconic acid, formation of, bj 
Bacterium savaslanoi Smith, 9, 1 
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Glucose, combined action of muscle 
plasma and pancreas extract on, 

9, 97, mstabilitj of, 10, 3, 
mechanism of oxidation of bj 
bromine, 7, 157 

Glutamic acid, oxidation of, 6, 409 
Glicoeboba, pbloibiiin, 7, 133 
Glycocoll, action of as a detoxi- 
cating agent, 6, 413, formation 
of m the bodv , 10, 353, origin of, 

10, 327, oxidation of, 9, 365, 
picrate of, 1, 413 

Glycogen, conversion of into sugar 
m the liver, 6, 315, formation of 
m muscle, 3, 25, hepatic, influ- 
ence of alcohol on the metabol- 
ism of, 3, 403 

Glycolhc acid, oxidation of, 4, 91 
Glycosuria, adrenahn, influence of 
urethane m the production of, 

9, 13, m acromegaly, 9, 109, in 
rabbits by mtravenous injection 
of sea-vrater, 4, 57 , salt, mechan- 
ism of, 4, 395, sodium chlonde, 
inhibitmg eSect of potassium 
chlonde in, 6, 351 

Glyoxyhc acid, formation of, 1, 271, 
preparation of as a reagent, 6, 

51, reaction for tryptophan, 

mdol and skatol, 2, 289 
Guamdme denvatives, action of 
argmase upon, 3, 435 
Guamdmes, picrolonates of, 4, 111 
Guanyhc acid of the spleen, 4, 289 

Haemocyanin of Limvlus polyphe- 
mus, 8, 1 

Hair of different races, comparative 
chemical composition of, 3, 459 
Heat of combustion of vegetable 
protems, 3, 119 

Hemolytic serum, quantitative 
methods inth, 3, 387 
Hemorrhage, influence of protein in 
food on recuperation from, 7, 
379 

Hetcroalbumose, fibrm, 8, 269 


Hippuric acid, maximum production 
of, 10, 327 

Histidine, catabolism of, 10, 499, in 
pig thyreoglobulin, 9, 121, in 
products of hydrolysis of \an- 
ous animal tissues, 4, 119, in 
soils, 8, 381 

Human body, excretion of bone 

acid from, 3, 11, fetus, pur- 

mes and punne metabolism of 

6, 469, mtcstine, occurrence 

of skatol in, 4, 101, osteo- 

malacia, analysis of bone in, 7, 
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teins through the agency of 
enzymes, chemical mechanism 
of, 6, 493 , of tissues, estimations 
of arginine, lysine and histidine 
in, 4, 119, of vicihn, 6, 187, of 
wheat gliadin, analysis of the 
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tatic hydrolysis, 6, 53 
Hypoxanthine, preformed, 6, 453 
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the chemistry of, 1. 279, 1,507, 
2,317 

Ions, effects of, on catalysis, 2, 4S9 
Iron, action of on spontaneous oxi- 
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tics on the isolated centre of, 

2, 3S5 

Kephalin, relation of electroUtes 
to, 3, 53 

Keratm, a new decomposition prod- 
uct of, 9, 355 

Ketones abphatic, identification of 
by means of paraiutrophenyl- 
hydrazine, 4, 235, aliphatic, 
symthesis of, 4, 221 

Kidney , camaubic acid from, 4, 297, 
pathogenesis of "unc acid in- 
farcts” in, 6, 321 

Kjeldahl digestion, alkylmnmes as 
products of, 8, 41 , determination 
of alkylamines obtamed from 
unne after, 9, 85 
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7, 17, in the unne of pernicious 
\omitmg of pregnancy, 2, 485, 
kinds of produced by lactic acid 
bactena, 2, 603, optical forms 
of, produced by Bacillus bul- 
gancus, 10, 201, oxidation of, 
4, 91 

Larva of Tenebno mohlor, ongin of 
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atine in, 2, 309 

Melanin, effect of alkali on, 8, 341, 
studies on, 8, 341, 10, 89, 10, 113 
Melanoidin nitrogen of protein diet, 

1, 229 

Mercaptan, methyl, production of, 
by fecal bacteria, 1, 421 
Mercury, Nylander’s reaction in 
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123, nitrogen, of the coj otc, 8, 
419, nitrogenous, effect of trans- 
fusion of blood on, 3, 321, ni- 
trogenous, as affected by diet 
and alkaline diuretics, 2, 217, ni- 
trogenous, influence of subcuta- 
neous injections of dextrose 
upon, 2, 117, of creatine and 
creatinine, 10, 473, of creatine 
and creatinine, in dogs mth 
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under the influence of strong 
antiseptics, 3, 171 , fermentation 



542 Journal of Biological Chemistry 


of citnc acid in, 8, 479, peptoni- 
zation in, 6, 247, pcrovidasc re- 
action of, 4, 301, preservation 
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bohydrate metabolism, 10, 123 
Muscle, creatine content of in in- 
anition, 10, 255, formation of 
glycogen in, 3, 25, non-striated 
mammalian, a chemical study 
of, 4, 483, of reptiles, note on 
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^ m sea urchins egg, 10, 459 



544 Journal of Biological Chemistry 


Pathology, serum, the analytical 
methods of, 1, 213 
Pea {Pisiim salivum), hydrolysis of 
Icgumelin from, 5, 197, hj drol- 
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Phi-tostcrol, m soils, 9, 9 
Picrate of glj cocoll, 1, 413 
Picrolonates, 4, 111, of certain alka- 
loids, 3, 327 

Pig, histidine in thyreoglobulin 
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